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AUTHOR'S NOTE 
This thesis has been written as a collection of stand alone papers intended for 
publication. Some overlap and repetition of material has therefore been inevitable. An 
Executive Summary has been presented in place of an Abstract in order to draw 
together and summarize all the strands from the individual chapters. An Executive 
Summary is longer than a standard Abstract, thereby allowing ecological managers and 
scientists to gain a quick but comprehensive overview of the objectives, methods, 




Mainland and near-shore islet colonies of Sooty 
Shearwaters (Puffinus griseus) in Otago. 
iv 
Many mainland breeding colonies of Sooty Shearwaters are thought to have become 
extinct, although there is no concern for the abundant offshore island populations of 
these burrow-nesting seabirds. This preliminary study set out to survey some of the 
remaining mainland and near-shore islet colonies in the Otago region, standardise 
methodologies and begin gathering baseline demographic information for a long-term 
monitoring programme on Sooty Shearwaters. The long-term programme aims to 
monitor: the status of mainland colonies of Sooty Shearwaters, the impacts from threats 
on colonies, and marine food-chain fluctuations. Research into the sustainable 
harvesting of muttonbirds (Sooty Shearwater chicks) on offshore islands, and the 
harvesting potential of mainland colonies, will also be part of the long-term 
programme. 
OBJECTIVES: 
1) Describe the past distribution of breeding colonies around New Zealand, survey 
extant Otago colonies and describe what is known of trends in Sooty Shearwater 
numbers around New Zealand. 
2) Review the methodologies for estimating burrow occupancy (i.e. proportion of 
burrows containing nests) and advise on the best methods for the long-term 
monitoring programme. 
3) Develop a morphometric method of sexing adult and fledgling Sooty Shearwaters. 
4) Identify sea and land-based threats which could affect colony survival, and 
determine the productivity of Otago breeding colonies in 1992/93. 
5) Perform preliminary Population Viability Analysis (PY A) on the survival of 
mainland populations under different conditions (eg. levels of predation and 
harvesting). The aim of the PY A modelling is to: 
0 estimate whether mainland populations are declining. 
• determine if chick and adult predation, at the level observed in the first . 
year of study, would be sufficient on their own to cause population decline. 
0 identify the Minimum Viable Population (MVP) size for mainland colonies. 
• investigate whether harvesting on the mainland would be sustainable. 
• identify the key parameters to measure in a long-term study so as to 
understand the determinants of Sooty Shearwater population dynamics. 
V 
ME1HODS: 
(i) Information on the past distribution of breeding colonies around New Zealand was 
gathered from published literature and personal communications from observers of 
Sooty Shearwater colonies. Data on the number of Sooty Shearwaters washed up 
on New Zealand beaches from 1965 to 1990 (OSNZ Beach Patrol Scheme) was 
analysed to identify any trend in the numbers of dead Sooty Shearwaters washed 
up over the past 25 years. 
(ii) The usefulness and accuracy of various methods for determining burrow 
occupancy were trialled. These included: 
• "sign" (eg. smell, faeces) at the burrow entrance. 
• inserting a stick via the burrow entrance to elicit pecks from a bird. 
• "barricading" the burrow entrance with a few small sticks to ascertain 
whether the burrow had been entered. 
• occupants of the nesting chamber viewed via a large hole (""' 15 cm 
diameter) dug down to the nesting chamber and covered with a wooden 
slab. 
• occupants of the nesting chamber viewed via the burrow entrance using 
specialised fibre optic equipment called a "burrowscope". 
• chick carcasses found in the burrow entrance. 
• chick response (cheeping) to external acoustic stimuli. 
(iii) Burrow occupancy and fledging success were determined for Otago breeding 
colonies. Adult and chick survival was monitored and cause of death ascertained. 
(iv) Both adults and fledglings were banded and measured at the end of the 1991/92 
and 1992/93 breeding seasons. 
(v) Dead birds were measured and autopsied to determine their sex. Discriminant 
function analysis was performed on the morphometric data for individuals of 
known sex to discriminate the male and female groups and generate formulae 
which could assign a sex to individuals of unknown sex. 
(vi) The VORTEX PY A programme was applied to mainland populations using 
demographic parameter estimates from the fragmentary data on Sooty Shearwaters 
and more detailed information on congeneric species. 
RESULTS AND CONCLUSIONS: 
1) It appears the number of mainland colonies has declined. However, earlier 
measures for burrow occupancy at colonies are inaccurate so there is no evidence 
that burrow occupancy or productivity at remaining colonies is declining. 
2) A number of problems were encountered when determining burrow occupancy as 
many burrows were long (>2 m). The best method for accurately estimating 
burrow occupancy was the fibre-optic "burrowscope". 
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3) Eighty-five Sooty Shearwater fledglings were washed up during one high-tide on 
Dunedin beaches in early May 1993 (this is called a "beach-wreck"). All were 
under-sized compared with chicks banded at the end of the 1991/92 breeding 
season, and had little subcutaneous fat. 
4) Along with predation, starvation may have been a key factor contributing to 
fledgling mortality in 1992/93, evidenced from the undersized beach-wreck 
fledglings and the poor muttonbirding season (the chicks were unusually small). 
5) Discriminant function analysis on morphometric data from beach-wreck fledglings 
generated formulae which correctly sexed up to 83% of individuals. 
6) Fledging success at three of the Nugget Point colonies ranged from O - 41 % and 
was mainly affected by predation from introduced mammals (eg. cats, ferrets). 
Chick predation ranged from 43 - 69%. 
7) At Taiaroa Head and Tuhawaiki Island, fledging success ranged from 64- 100%. 
Low predator abundance may have been an important contributing factor in the 
high fledging success at these colonies .. 
8) One colony at Nugget Point suffered high adult mortality in November and 
December during the nest preparation and egg laying period. All mortality was 
attributable to predation, possibly by ferrets. 
9) The mainland colonies studied were relatively small ( < 60 occupied burrows) with 
the exception of Taiaroa Head (Private) (> 236 occupied burrows). 
10) The PV A modelling showed that: 
• if predation levels measured in 1992/93 are typical, mainland populations 
are declining. 
• MVP size with no predation was 44 occupied burrows . With predator 
control (modelled at removal of 80% of predators) the MVP was 101 
occupied burrows. 
• predator control could make the difference for the survival of small 
mainland colonies. 
• predation of adults had a larger impact on population growth rates than 
chick predation, therefore predator control should concentrate on protecting 
adults. 
• until long-term predator control has allowed the size of populations to 
increase, sustainable harvesting of mainland colonies is unlikely. 
• mortality in the first year, "marine failure catastrophes", adult predation, 
and age at first breeding, were key parameters affecting population growth 
rates. 
• MVPs were greatly affected by varying immigration rates. 
vii 
11) As the preliminary PV A model was based on fragmentary Sooty Shearwater data 
and information on congeneric species, conclusions should be treated with caution 
until more reliable reproductive and survival parameters are measured in the long-
term study. 
RECOMMENDATIONS: 
1) Several years of monitoring reproductive and survival parameters are needed to 
verify conclusions on the status of mainland colonies and the impacts of threats. 
2) Accurate baseline measures of demographic information using reliable 
methodologies are needed. The status (extant or extinct) of other mainland and 
near-shore islet colonies that existed in the past must be determined to confirm the 
decline in the number of colonies. The sample size of monitored colonies should 
be increased to improve the accuracy of reproductive and survival parameters. 
3) Genetic analyses are needed to determine migration rates among island and 
mainland Sooty Shearwater colonies. 
4) The accuracy of using the OSNZ Beach Patrol data to estimate mortality at sea 
needs to be tested. 
5) Morphometric information from healthy fledglings is needed to factor out potential 
problems associated with developing a general method of sexing all fledglings 
based on under-sized beach-wreck individuals. 
6) Dead adults should be collected to exp_and the morphometric database of sexed 
adults. 
7) The leg bones of dead birds washed up on beaches should be cross-sectioned to 
determine the maximum age of Sooty Shearwaters. 
8) Banding large numbers of adults and fledglings needs to continue to determine 
survival rates, age of first breeding, proportion of females skipping breeding 
attempts, and, if possible, immigration and emigration rates. 
9) A management target of 101 occupied burrows (including control of adult and 
chick predation) could be set for the MVP of mainland colonies. 
10) Modelling to look at sustainable harvest levels should be carried out Further 
research could involve the initiation of an experimental harvesting regime. 
11) The PV A model needs to be up-dated as more reliable demographic parameters 
are measured. Monitoring with a demographic approach will confirm and cross-
check the conclusions obtained from the preliminary PV A. 
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12) There is no conclusive evidence of ongoing colony decline and trends in 
population size may only be ascertained with long-term monitoring. However, 
immediate management action to protect mainland colonies may be adviseable as 
colonies will be hard to re-establish if they go extinct. Adult Sooty Shearwaters 
appear to be most vulnerable to mammalian predation in November and December, 
therefore these months are the highest priority for predator control operations. 
Predator control is expensive, and evidence of colony decline is currently 
anecdotal, so at present, management should invest resources in protecting a few 
select colonies. 
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Chapter 1: Distribution and abundance of Sooty Shearwaters 




The Sooty Shearwater or ti.ti (Puffinus griseus) (Aves: Procellariiformes) is probably 
the most numerous and has the greatest biomass of all seabirds in the New Zealand 
region (Warham and Wilson 1982). During the summer, Sooty Shearwaters breed 
colonially in burrows in the southern hemisphere (Warham 1990, Cooper et al 1991) 
and then undergo a trans-equatorial migration to the North Pacific and the North 
Atlantic for the southern winter (e.g. Phillips 1963, Warham et al 1982, Briggs and 
Chu 1986). 
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Although breeding colonies of Sooty Shearwaters are found around South America and 
south-east Australia, they are by far most abundant around southern New Zealand. The 
centre of abundance in New Zealand is on islands around Stewart Island. Offshore 
island Sooty Shearwater colonies are often very large (W arham and Wilson 1982, 
Warham 1990) and have an enormous impact on the ecology of "seabird islands" 
(Campbell 1967). On the Snares Islands, the large numbers of Sooty Shearwaters 
trample the vegetation (Warham 1967). They also actively increase their denuding 
effects by carrying the large fallen leaves of the Olearia lyalli trees underground in their 
bills for lining their nests (Warham 1967). 
Most Sooty Shearwaters begin breeding at about six years old (Richdale 1963) and 
probably live to about 30 years (estimated from Short-tailed Shearwaters, Serventy and 
Curry 1984). Adult birds average 819.1 ± 76 gin weight (Warham et al 1982). They 
lay one egg per year and both parents incubate on alternate shifts (Richdale 1963, 
Warham 1990). 
Warham et al (1982) describe the breeding season for Sooty Shearwaters which begins 
in late September/early October when adults return from the northern hemisphere to 
breeding colonies for courtship and burrow preparation. Burrows can be up to three 
metres long and end in an enlarged nesting chamber. Egg-laying occurs between late 
November and early December and hatching from mid to late January. Fledging is 
from around mid-April until mid-late May and chicks come to the surface after dark for 
a few days before leaving to migrate. 
Once birds leave the breeding colonies, either to feed or to begin migrating, they are 
susceptible to threats at sea which include storms (eg. Stonehouse 1964), drift nets 
(Ogi 1984, Bradley et al 1991), and fluctuations in food abundance. 
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Fledglings must learn to fly and feed themselves before they exhaust their body fat 
reserves. Weight is important for fledgling survival when they leave breeding colonies 
and chicks under 455 g at fledging are not likely to survive the trans-equatorial 
migration (Richdale 1963). 
Both adult and fledgling Sooty Shearwaters are likely to be susceptible to severe storms 
during their migration. A large number of dead birds washing up on beaches after a 
period of exceptionally severe mortality at sea is called a "wreck". Wrecks of 
shearwaters have been recorded sporadically around New Zealand (Stonehouse 1964, 
Veitch 1976, Crockett 1977, Veitch 1978, 1980a, 1980b, Powlesland and hnber 
1988) as well as on the coasts of Japan (Oka and Maruyama 1986). These are usually 
attributed to a combination of poor body condition and bad weather. 
Although breeding colonies of Sooty Shearwaters on offshore islands are large, 
mainland colonies in New Zealand may be in decline although detailed information on 
colonies is scarce. Many colonies that once existed on headlands of both the North and 
South Islands of mainland New Zealand have disappeared (Jackson 1957). 
The importance of mainland conservation in general is becoming increasingly 
recognised. In New Zealand, past conservation efforts have focussed on offshore 
island reserves free of introduced predators. Offshore islands however have limitations 
due to their size, number and location. Conservation should be turning increasingly to 
the restoration and active management of natural habitats on the mainland (Clout 1989). 
Maintaining Sooty Shearwater colonies on the mainland is important for aesthetic 
reasons and potentially for tourism since these colonies are so much more accessible 
than those found on offshore islands. The potential may also exist for harvesting Sooty 
Shearwater chicks (muttonbirding) on the mainland. 
Muttonbirding by southern Maori is legal only during a restricted season on some 
off shore islands around Stewart Island. Muttonbirding is important to the Maori people 
as a food resource and as an integral part of their culture. Monitoring Sooty Shearwater 
colony survival and researching reproductive and survival parameters will help ensure 
the persistence of both the bird and the practice of muttonbirding. Mainland colonies 
could also potentially be harvested in the future if information can be gained on their 
status and if factors threatening their existence are identified and controlled. 
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Tourism involving wildlife resources is an expanding industry which is economically 
important to New 2.ealand. The potential exists for Sooty Shearwaters to emerge as a · 
tourism resource. A viewing platform has been established to observe Westland Petrels 
(Procellaria westlandica) arriving at Punakaiki and a commercial operator runs guided 
tours to the viewing platform (C. Miller, pers. comm.). Proposals have also been 
made for the viewing of Sooty Shearwater colonies at Taiaroa Head, Otago Peninsula 
as a tourist attraction (Lalas 1984). 
Despite the fact that some mainland Sooty Shearwater breeding colonies have 
disappeared in the past, current colonies may be stable and surviving well if they occur 
in areas where land-based threats (eg. predation) are less prevalent However, 
management may be needed to protect and conserve some of the small remaining 
populations on the mainland. 
Failure of mainland colonies of Sooty Shearwaters may primarily be attributable to 
predation from introduced predatory mammals (eg. feral cats, Felis catus; ferrets, 
Mustelafuro, stoats, M. erminea, and rats, Rattus exulans, R. norvegicus, R. rattus). 
Other potential threats to mainland and near-shore islet breeding colonies may include 
competition between Sooty Shearwaters with other burrow-nesting seabirds, habitat 
alteration leading to increased burrow collapse, and the illegal harvesting of chicks. 
It may be possible to restart some colonies on the mainland by moving fledglings, or by 
attracting adults to nesting sites. However, such efforts are problematical and time 
consuming and it would be more practical to protect existing mainland colonies. 
Accordingly, intervention to restore even very small mainland colonies is advisable if 
viable populations are wanted on mainland New 2.ealand. 
Management to protect wildlife on the mainland is more expensive and difficult to 
achieve compared with conservation of offshore island populations. For example, 
management could involve a long-term commitment to predator control as predators 
could potentially re-invade areas where they had been eradicated. With a scientific 
approach, the key threats and management options can be identified and brought into 
focus. 
As Sooty Shearwaters are long-lived and have low reproductive rates, they require 
studies of marked individuals for decades in order to study their population dynamics 
adequately (Bradley et al 1991, Wooller et al 1992). Mathematical models can be a 
useful tool in predicting the impact from different threats to small colonies over a period 
of time and quickly identifying the key variables to focus on in a long-term study. 
. ) 
Chapter 1 
There is also a vast number of near-shore islets in New Zealand which have largely 
been ignored as a conservation resource. New single-hit anticoagulant rodenticides 
could make them available as a conservation option given that at least partial predator 
protection may be achieved. Near-shore islets have tourism and muttonbirding 
potential due to their accessibility but may also be more susceptible to predation and 
probably to illegal harvesting because of this. This Sooty Shearwater study will 
provide a case study for the use of near-shore islets in conservation. 
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The study of breeding seabirds to monitor their survival and aspects of their 
reproductive performance (eg. breeding success and fledgling weight) can be used as 
indicators of food availability and thus of the state of marine environments ( Croxall and 
Prince 1979, Wanless et al 1982, Cairns 1987, Croxall et al 1988, Darby 1988, Bost 
and Jouventin 1991). Sooty Shearwaters target short-lived (annual) prey items (e.g. 
Munida gregaria and Nyctiphanes australis) low in the food-chain (McClatchie et al 
1989). Sooty Shearwaters may therefore be more susceptible to fluc~uations in the 
marine environment due to their position in the food chain. 
Marine food-chain fluctuations may also influence the reproductive performance of 
New Zealand's endangered seabirds, for example the Yellow-eyed Penguin, 
Megadyptes antipodes (van Heezik: and Davis 1990). Food failures, which may be 
influenced by climate change, are important to study and predict, particularly for the 
conservation of endangered seabirds. Management intervention can then be instigated 
to help birds through breeding seasons with low food availability. Monitoring aspects 
of the breeding biology of Sooty Shearwaters may be useful as a general indicator of 
marine food-chain fluctuations. 
The study described in this thesis is the first of a series to monitor Sooty Shearwaters in 
southern New Zealand for at least the next decade. For the reasons outlined above, a 
long-term study of the breeding biology and population ecology of Sooty Shearwaters 
will be extremely useful in monitoring the status of mainland Sooty Shearwater 
colonies, monitoring the impacts of predation and habitat destruction and monitoring 
marine food-chain fluctuations. The different elements of the long-term programme 
aim to guide conservation and harvest managers on mainland restoration, predator 
management, sustainable harvest, near-shore islet conservation opportunities, and 
monitoring of marine ecosystems. A preliminary analysis of the data gathered for this 
study has been presented to the Department of Conservation (Hamilton 1993) but more 
detailed information is presented here. 
). 
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As a prelude to the overall research programme, and to this particular thesis, this 
chapter aims to review in detail what is known about Sooty Shearwater distribution and 
past trends in abundance. The specific aims of this chapter are to: 
( i) Describe what is known of the past distribution of island colonies and mainland 
colonies in southern New Zealand. 
(ii) Identify Sooty Shearwater breeding colonies around Otago, south-eastern South 
Island, during the 1992/93 breeding season and describe in terms of land status, 
distance offshore (if an islet) and total burrow numbers. 
(iii) Describe what is known of trends in Sooty Shearwater numbers around New 
Zealand. 
. _\ 
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1.2. METHODS 
1.2.1 Past distribution of Sooty Shearwater colonies 
A review of published literature was carried out and personal communications gathered 
from observers of Sooty Shearwaters to document colonies that have been active in the 
past. Where data was available, the total number of burrows or the estimated number 
of "active" burrows (i.e. those being entered by birds) was recorded as well as the 
date(s) when the colony was surveyed . 
1.2.2 Surveys of Otago Sooty Shearwater colonies in 1992/93 
Study areas 
Surveys were carried out during the 1992/93 breeding season on three near-shore islets 
along the Otago coast and at six locations (12 colonies) on the mainland (Fig. 1.1). 
The islet colonies were on Green Island, Moturata (Taieri) Island and Tuhawaik:i 
(Jack's) Island. The mainland colonies investigated were chosen for study because 
they were the most likely to be active (judging from earlier observers having found 
active burrows in the relatively recent past). The mainland locations were Bushy Beach 
(Oamaru), Shag Point, Taiaroa Head, Sandymount, Nugget Point, and Tunnel Rocks. 
A colony was defined as an aggregation of burrows more than 100 m away from any 
other aggregation of burrows. 
Survey methods 
At each colony, all burrows were counted and mapped in relation to central wooden 
stakes. Burrows that were identified as having two entrances were counted as one 
burrow. Burrows with a single entrance but where the tunnel forked to give two 
nesting chambers were identified as two separate burrows. 
Colony site descriptions were given under the following categories: 
Land Status: Description of land ownership status where colony occurred 
Distance offshore: Distance offshore (kms) of island sites from mainland South Island 
Total no. burrows: The total number of burrows counted at the colony 
Adults at colony: The presence ("yes" or "no") of "adult" Sooty Shearwaters (either 





Figure 1.1: The Otago coastline showing the nine Sooty Shearwater study locations 





1.2.3 Seasonal and annual trends in numbers of Sooty Shearwaters 
washed ashore 
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Counts of the number of dead Sooty Shearwaters found per km of beach from 1965 to 
1990 were collected from published accounts of the Ornithological Society of New 
Zealand's Beach Patrol Scheme (Imber and Crockett 1970; Imber 1971a; Roberts 1975; 
Veitch 1975, 1976; Crockett 1977; Veitch 1977, 1978, 1979, 1980a, 1980b, 1981, 
1982; Powlesland 1983, 1984, 1985, 1986, 1987, 1989a, 1989b; Powlesland and 
Pickard 1992, Powlesland et al 1992 Powlesland et al 1993). 
The mean number of dead Sooty Shearwaters found per km (with 95% confidence 
intervals) was calculated for each month of the year (N = 26 years, 1965 - 1990). 
The breeding season for Sooty Shearwaters approximately runs from October until May 
(Warham et al 1982, Warham 1990). "Adult" Sooty Shearwaters (pre-breeders and 
breeders) leave New Zealand to begin migrating from the end of March until the third 
week of April and fledglings begin migration in May (Warham et al 1982). 
Consequently, the May data were factored out and the data on the months of October to 
April were used to get the yearly variation in the mean number of adult birds per km 
which washed up during 25 Sooty Shearwater breeding seasons (i.e. 1965/66 to 
1989/90). The Beach Patrol covered most sections of coast in both the North and 
South Islands for most years . 
{. 
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1.3. RESULTS 
1.3.1 Past distribution of Sooty Shearwaters. 
Sooty Shearwater breeding colonies have occurred and presumably still occur on a number 
of offshore islands (~ 5 km off the mainland coast) around New Zealand (Table 1.1) with 
Three Kings Island (34°S, 172°E) being the most northerly and Macquarie Island (55°S, 
159°E) the most southerly (Warham et al 1982). The largest recorded single colony exists 
on the Snares Island with 2 750 000 estimated breeding pairs at the colony (W arham and 
Wilson 1982) (i.e. from the number of "active" burrows). The Muttonbird (Titi) Islands 
near Stewart Island have enormously abundant colonies (Wilson 1979). 
There have been few counts of breeding burrows at colonies and methodologies have varied 
between surveys. Some colonies have not been resurveyed for several years. Data on Sooty 
Shearwater colonies is fragmentary with limited knowledge on most colonies. However, the 
large concentrations of colonies around Stewart Island are visited annually due to the practice 
of muttonbirding and are thought to be abundant (Wilson 1979). 
Colonies of Sooty Shearwaters also exist or have existed on a number of small near-shore 
islands ( < 5 km off the mainland coast) around the South Island (Table 1.2). Most of these 
colonies are probably small with the largest colony occurring on Tuhawaik:i Island. 
A number of breeding colonies have been known to exist on headlands on both the North 
and South Islands of New Zealand (Table 1.3). However, few of these have been surveyed 
in the last 40 years and it is unknown whether many of them are still active. In the South 
Island, the largest known colony existing is at Taiaroa Head on the Otago Peninsula (Table 
1.3). 
·1 
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·Table 1.1: Recorded populations of.Sooty Shearwaters on offshore islands(~ 5km from 
the mainland coast) around New Zealand (Total burrows = all burrows at the colony 
counted/extrapolated from sample counts; Active burrows = estimated number of burrows 
used by Sooty Shearwaters presumably by breeding adults; NR = not recorded). 
Offshore island colony Estimated Survey Reference 
number of date(s) 
burrows 
Northern North Island Three Kings NR NR Falla 1934 
Warham et al 1982 
Cavalli NR NR Falla 1934 
Hen NR NR Falla 1934 
Mokohinau NR NR Falla 1934 
Cuvier NR NR Warham & Wilson 1982 
Aldennan NR NR Falla 1934 
Central North Island White NR NR Falla 1934 
Rurima NR NR Warham & Wilson 1982 
Motuhora (Whale) NR NR Warham & Wilson 1982 
NR NR Falla 1934 
NR NR Imber 1976 
Southern North Island! Kaniti NR . NR Warham & Wilson 1982 
Cook Strait . Mana NR NR Warham & Wilson 1982 
Stenhens NR NR Warham&Wilson 1982 
The Trios NR NR Warham&Wilson 1982 
Fiordland OoenBav NR NR Warham&Wilson 1982 
Hawea. Breaksea Islands NR NR R. Taylor oers. comm. 
Solander Islands NR NR Cooner 1984 
Stewart Starling Head, Stewart NR .. NR - C. Challies pers comm. 
Island!Foveaux Strait Island 
Chew Tobacco Bay, NR NR C. Challies pers comm. 
Stewart Island 
Codfish NR NR West 1990 
Muttonbird ITiti) islands NR NR Wilson 1979 
Whero 400 total burrows 1941 Richdale 1942 
Chathams Individual islands not NR NR Richdale 1944 
:reccrred NR NR Powlesland & Pickard 
1992 
Sub-Antarctic Antioodes NR NR Warham & Bell 1979 
Auckland NR NR Clark & Dingwall 1985 
Camnbell NR NR Warham & Bell 1979 
Mocquarie NR NR Jones 1980 
1777 total burrows 1978n9 Brothers 1984 
Snares 2 750 000 active 191on1 Warham & Wilson 1982 
burrows t 
thy extrapolation 
' - ~ 
., 
' 
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Table 1.2: Recorded populations of Sooty Shearwater colonies on near-shore islands 
( < 5km from the mainland coast) around the south-east coast of the South Island of New 
Zealand (NR = not recorded; Active burrows = estimated number of burrows used by Sooty 
Shearwaters presumably by breeding birds). 
Near-shore island colony Estimated Survey Reference 
burrow number date(s) 
NorthOtago Maukiekie NR NR Richdale 1944 
nresent 1980's La1as 1985 
South Dunedin Moturata (Taieri) 100 marked~ eggs)§ 1943 Richdale 1963 
100 active burrows 1980s C. Lalas ners. comm. 
Green 150 active burrowst 1983 C. Lalas oers. comm. 
Otago Harbour! Goat NR 1940/50s A. Wright ners. comm 
Peninsula Ouarantine NR 1940/50s A. Wright pers. comm 
Pudding NR 1940/50s A. Wright ners. comm 
Wharekakahu 1 active burrow 1985 C. Lalas ners. comm. 
Catlins Tuhawaiki (Jack's) 1406 active burrows 1985 C. Lalas ners. comm. 
Rainbow Isles NR NR Richdale 1944 
NR 1980s La1as 1985 
Cosgrove NR 1984 Lalas 1985 
§Richdale (1963) marked a sample of 100 burrows and at least 24 had eggs laid in them 
thy extrapolation 
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Table 1.3: Mainland Sooty Shearwater colonies which have been known to exist on 
the South Island of New Zealand within the last 50 years (NR = not recorded; Total 
burrows = estimated number of burrows at colony; Active burrows = estimated number 
of burrows at colony being used by Sooty Shearwaters presumably by breeding birds). 
Mainland colony Estimated number Survey Reference 
of burrows date(s) 
West Coast Okarito NR NR Richdale 1944 
Makawhio Head, sth NR NR K. Smith 1992 via 
Fox Glacier A.Tennvson uers.comm. 
Peruendicular Point > 7 active burrows 1956/57 Jackson 1957 
Twelve Mile Bluff. 30 burrows 1956/57 Jackson 1957 
Grevmouth 
One-One, Harihari 16 burrows 1956/57 Jackson 1957 
Doughboy Knoll, 12-15 total burrows NR K. Smith 1992 via 
near Harihari A.Tennvson ners.comm. 
Near Iota Bluff, 69 total burrows NR A.Tennyson pers.comm. 
South Westland 
Banks Peninsula Stony Bav NR NR G .Tunnicliffe ners.comm 
Tumbledown Bav NR NR G .Tunnicliffe ners.comm 
east Le Bons Bav NR NR G.Tunnicliffe uers.comm 
North Otago Bushy Beach NR NR Lalas 1984 
Boatman's Harbour NR NR C. Lalas ners.comm. 
Bobby's Head NR NR G .Loh, ners.comm. 
Kakanui NR NR P.Sagar, ners. comm. 
Shag Point 5-10 active burrows, 1980's C.Lalas pers. comm. 
no fledcing 
Otago Peninsula Mt Charles, NR 1940s to Surveyed by L.E. 
Grassy Point, NR 1950s Richdale & S.Sharpe 
Highcliff, NR (A.Wright pers. comm.) 
"Double Bay", NR 
The Chasm, NR 
Cape Saunders, NR 
Titikoraki, NR 
Penguin Beach, NR 
Ohinenuha NR 
Pipikaretu NR NR M. Ellison uers.comm. 
Victorv Beach NR NR G.Loh ners.comm. 
Taiaroa Hd <Reserve) NR NR 
Taiaroa Hd (Private) 350-450 total burrows 1970 A. Wright [in Robertson, 
1976] 
150-300 active burrow 1982/83 Lalas 1984 
Sandvmount NR NR A.Wrii:?:ht ners. comm. 
Dunedin Tunnel Beach area NR NR G.Loh uers.comm. 
Lawyers Head, NR 1940s to Surveyed by L.E. 
Maori Head NR 1950s Richdale & S.Sharpe 
(A.Wright ners. comm.) 
Nugget Point Colony 1 90 active burrows early C. Lalas pers. comm. 
Colony 2 120 active burrows 1980s 
Colony 3&4 40 active burrows 
Colonv 5 120 active burrows 
Catlins Long Point NR NR B. Murnhv uers.comm. 
Cannibal Bay NR NR G.Loh pers.comm. 
(Wilkie Falls) 
Tunnel Rocks NR NR C. Lalas uers. comm. 
, ,\ 
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1.3.2 Distribution of Sooty Shearwater colonies in Otago in 1992/93 
At the Nuggets Point there were two distinct groups of burrows (sites 3 and 4) on 
adjacent spurs with a gully in between. Since the two groups were approximately 
50 m apart, they were defined as a single "colony" in the following analysis (i.e. 
"Nuggets 3&4") (Fig. 1.2). There were three other colonies at Nugget Point which 
were referred to as "Nuggets l ", "Nuggets 2" and "Nuggets 5" (Fig. 1.2). 
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At Taiaroa Head, there were two separate colonies (Fig. 1.3). One study colony was 
within the Nature Reserve and was referred to as "TaiaroaHead (Reserve)". The other 
colony was about 500 m southeast of the tip of the headland, east of W aiwakaheke 
Bay. It was on private land owned by Mrs S. McGrouther and was referred to as 
"TaiarrnfHead (Private)". 
The Sooty Shearwater colonies which were surveyed during the 1992/93 breeding 
season were all on protected land (Table 1.4). 
Most surveyed colonies consisted of less than 100 burrows (including both occupied 
and unoccupied burrows). Taiaroa Head (Private) was the largest colony surveyed and 
is possibly the largest mainland colony remaining in New 2'.ealand (Table 1.3 & 1.4). 
Excluding Taiaroa Head (Private), the range of colony size (i.e. total number of 
burrows) on the mainland was 11 burrows to 122 burrows with an average of 59 
burrows (Table 1.4). 
Of the three near:..shore islets studied in 1992/93, the largest Sooty Shearwater colony 
was on Tuhawaiki Island A small area of Tuhawaiki Island (north end) was not 
searched for burrows due to time constraints. The number of burrows obtained 
excluded that area and was, therefore, a minimum estimate of the total number of 
burrows on the island (Table 1.4). 
At Green Island and Moturata Island, there were difficulties in identifying Sooty 
Shearwater burrows mainly due to the numbers of burrows occupied by Blue Penguins 
(discussed in Chapter 2). Therefore, at those two islands, only a minimum estimate for 
the confirmed number of burrows occupied by Sooty Shearwaters could be obtained 
(Table 1.4). 
All surveyed colonies had "adult" birds present during the breeding season. 
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Figure 1.2: The four breeding colonies of Sooty Shearwaters at Nugget Point. 
"Nuggets 3" and "Nuggets 4" were only 50 m apart and were defined as a single 
"colony" (i.e. "Nuggets 3&4"). The three other colonies were "Nuggets l", "Nuggets 
2" and "Nuggets 5". 
-> 
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Figure 1.3: The two breeding colonies of Sooty Shearwaters at Taiaroa Head. One 
colony within the Nature Reserve was referred to as "Taiaroa Head (Reserve)" and the 
other colony on private land was referred to as "Taiaroa Head (Private)". 
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Table 1.4: The surveyed Sooty Shearwater colonies along the Otago coast showing 
the land status at the colony_, the distance offshore from the mainland (if on an island), 
the total number of burrows at the colony, and the presence of adults at the colony. 
(Refer to Methods 1.2.2 for glossary of key terms)· 
COLONY Land status Distance Total no. Adults at 
offshore burrows colony? 
Nuggets 1 Scientific Reserve 122 yes 
Nuggets 2 Scientific Reserve 36 yes 
Nuggets 3&4 Scientific Reserve 69 yes 
Nuggets 5 Scientific Reserve 60 yes 
Taiaroa Head (Private) Conservation 620 yes 
Covenant 
(private land) 
Taiaroa Head (Reserve) Nature Reserve 21 yes 
Bushy Beach, Oamaru Scenic Reserve 56 yes 
Shag Point Recreation Reserve 11 yes 
Sandymount, Otago Peninsula Recreation Reserve 49 yes 
Tunnel Rocks, Jack's Blowhole Scenic Reserve 105 yes 
Green Island Nature Reserve 2km ~I yes 
Moturata Island, Taieri Mouth Scenic Reserve 1 km ~3 yes 
Tuhawaiki Is., Jack's Bay Recreation Reserve 50m 1050+ yes 
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1.3.3 Trends in the number of Sooty Shearwaters found washed ashore 
around New Zealand. 
Seasonal trends 
The mean number of Sooty Shearwaters being washed up per km (N = 26 years) in each 
month shows high monthly variation (Fig. 1.4). Sooty Shearwaters migrate to the northern 
hemisphere during the southern winter so few Sooty Shearwaters are around the New 
Zealand coasts from June until September. Therefore, the mean number of dead Sooty 
Shearwaters per km was very low in those months. Peaks in the number of dead Sooty 
Shearwaters being washed up occurred in May and November (Fig. 1.4). 
Yearly trends 
Only the data for October to April (inclusive) were. used to analyse the variation in the 
number of dead "adult" Sooty Shearwaters being washed up per km during the 
breeding season. May data was excluded as it was assumed to include high fledgling 
mortality. 
The mean number of dead "adult" Sooty Shearwaters being washed up per km of beach 
during 25 breeding seasons (October to April) appears to have remained fairly constant 
with the exception of two bad seasons, 1975n6 and 1978n9 (Fig. 1.5). 
After excluding the two catastrophic years, there was no significant correlation in the 
number of Sooty Shearwaters annually washed ashore from October to April inclusive 
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Figure 1.4: The seasonal variation in the mean number of dead Sooty Shearwaters 
washing up on beaches around New 2'.ealand for 26 years, 1965 - 1990 (95% 
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Figure 1.5: Frequency distribution of the mean number of dead Sooty Shearwaters 
found per km of beach for 25 breeding seasons (October to April inclusive), 1965/66 to 
1989/90. 
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Figure 1.6: The mean number of dead Sooty Shearwaters washed up per km of 
beach during the Sooty Shearwater breeding season from 1965/66 to 1989/90 
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1.4. DISCUSSION & CONCLUSIONS 
1.4.1 Past distribution of Sooty Shearwater colonies 
To date, no censusing has been carried out at the large breeding colonies of Sooty 
Shearwaters on offshore islands around southern New Zealand. Therefore, it is not known 
if these are increasing, decreasing or stable. 
Within the last 50 years breeding colonies of Sooty Shearwaters have been wide-spread 
around the coast of the South Island of mainland New Zealand both on near-shore islets and 
on headlands on the mainland. In particular, a number of small colonies existed on the 
Otago Peninsula but it is not known whether all of these are currently surviving. 
Past surveys in Otago have usually recorded the estimated number of occupied burrows (i.e. 
those containing nests) by using either the proportion of burrows which smelled of Sooty 
Shearwaters (C. Lalas, pers. comm.) or the proportion of burrows being entered 0N arham 
and Wilson 1982). However, as burrows could be entered by pre-breeding as well as 
breeding birds, these estimates probably do not give an accurate index of burrow occupancy 
(see Chapter 2). Also, the total number of burrows at a colony probably does not give an 
accurate index of the size of the breeding population of the colony. 
1.4.2 Distribution of Sooty Shearwater colonies in Otago in 1992/93 
All the Sooty Shearwater colonies surveyed in 1992/93 were on secure land tenure. 
All colonies had adult Sooty Shearwaters observed visiting the colony during the breeding 
season. However, as only colonies which were thought to be still surviving were surveyed, 
other mainland colonies may no longer be in existence but this needs investigating. 
The surveyed mainland breeding colonies of Sooty Shearwater around Otago were all 
small with the exception of the relatively large colony at Taiaroa Head (Private). 
As there is no accurate baseline measures of abundance and productivity for mainland 
colonies of Sooty Shearwaters, it is not known whether colonies have altered over time. 
Although some colonies may no longer exist, there is currently no reliable evidence that 
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1.4.3 Trends in the number of Sooty Shearwaters being washed up on 
beaches around New Zealand 
It is assumed that the numbers of birds cast ashore during and immediately after a storm are 
related to the numbers present offshore and to their condition and health when the stormy 
weather strikes (Powlesland and Imber 1988). Accordingly, the OSNZ Beach Patrol 
information gives a combined index of numbers and condition. 
Powlesland and Pickard (1992) found that in May for the years 1943-88, the coasts with the 
highest rates of recovery were Southland and around Wellington (map in Powlesland and 
Pickard 1992). The very high recovery rate for Southland beaches probably related to the 
high proportion of Sooty Shearwaters fledging from the islands about Stewart Island and at 
The Snares. The analysis of Beach Patrol data carried out in this chapter did not account for 
differences in the number of birds found per km between different coastlines. 
High numbers of Sooty Shearwaters washed up in May coincides with the departure of 
fledglings from colonies (Powlesland and Pickard 1992). The November peak in Sooty 
Shearwaters washed up per km probably coincides with the arrival of birds at breeding 
colonies after their migration to the northern hemisphere. 
During the Sooty Shearwater breeding season (October to April), there were two breeding 
seasons of severe adult mortality at sea in 197 5n 6 and 1978/79. Years of severe mortality 
may be related to mean sea surface temperature or other measurements of weather conditions 
and these need to be investigated. 
It appears that there has been no general trend in the abundance of adult Sooty Shearwaters 
being washed up on New Zealand beaches since 1965, and hence no trend in their 
abundance offshore. However, opposing trends for the number and condition of birds could 
operate simultaneously and general trends could be obscured. 
There is no evidence that the number of Sooty Shearwaters at risk of dying has changed 
systematically throughout the past 25 years. 
1.4.4 Need for accurate baseline information 
The total number of burrows presented in this chapter probably gives little indication of the 
number actually occupied by breeding birds, and hence the size of the breeding population, 
as estimates also included unoccupied burrows and burrows used by pre-breeders or failed 
breeders. Identifying the occupancy of burrows proved to be quite difficult (discussed in 
l 
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Chapter 2) and methodologies could not easily be compared with surveys undertaken in the 
past. 
Methodologies for surveying and monitoring colonies now need to be standardised and 
surveys need to be carried out to gather accurate baseline information on the abundance and 
productivity of colonies. 
It is possible that some of the small colonies may not be large enough to maintain long term 
persistence but this needs investigating. 
As procellariiform seabirds are long-lived and have slow reprcx:luction (Warham 1990), 
declines in colonies may be hard to detect Monitoring the survival and productivity of 
colonies needs to be a long-term commitment However, mathematical modelling may be a 
useful tool in quickly predicting the key parameters and threats affecting colony survival. 
Threats to colony survival also need to be investigated. These may include land-based 
threats such as predation, habitat modification, and illegal harvesting of small colonies. 
Threats at sea may include food shortages, storms and entanglement in fishing nets. 
Chapter2 
Chapter 2: Burrow occupancy of mainland and near-shore 






When studying the breeding biology of burrow-nesting seabirds, it is important to 
correctly identify whether a burrow is empty, whether it is occupied by breeding birds 
or non-breeding birds. This information is needed in order to ascertain the reproductive 
and survival rates of populations. However, gathering this information is difficult due 
to the practicalities of determining what is out of view down a burrow. There is a need 
for an accurate method of surveying burrow occupancy and the validity of the different 
methodologies used in past surveys needs to be tested. 
The breeding season for Sooty Shearwaters is described by Warham (1990) and begins 
in late September/early October when adults return to breeding colonies for courtship 
and burrow preparation. Burrows can be up to three metres long and end in an 
enlarged nesting chamber. The breeding birds then leave the colonies for about a two 
week "honeymoon" period in November. Egg-laying occurs between late November 
and early December and hatching between late January and early February. 
The problem of identifying the occupants of burrows is compounded by long burrows, 
other species using burrows (eg. Blue Penguins, Eudyptula minor, and rabbits, 
Oryctolagus cuniculus), burrow collapse, and chicks near fledging potentially moving 
between burrows. Another difficulty in following the breeding of petrels, particularly 
Sooty Shearwaters, is that adult birds are prone to researcher disturbance during 
incubation and are likely to abandon eggs (Warham 1990). 
Several methods for determining burrow occupancy have been used in various studies 
on shearwaters (Warham 1990, Dyer and Hill 1991). These include monitoring only 
accessible burrows, excavating down to the nesting chamber (Sinclair 1981) and using 
soil-filled plastic bags to plug 'peep-holes' (Johnstone and Davis 1990), using fibre 
optics equipment (Warham 1982), making counts of active burrows using burrow 
entrances (Hill and Barnes 1989), and using disturbed barricades at the burrow 
entrance as indicators (Richdale 1963, Warham and Wilson 1982). It is not known 
what length of time is needed before the knockdown of barricades correctly indicates 
the occupancy of burrows, or whether this changes seasonally. 
Serventy and Curry (1984) defined the rate of burrow occupancy as the number of 
burrows in which one or more birds were found during the daytime during each 
breeding season. This included active breeders, failed pairs and pre-breeders and could 
have missed many of the key demographic events (eg. breeding success). In the 
present study, burrow occupancy was more specifically defined as burrows in which 
,) 
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eggs were laid. Some surveys of Sooty Shearwaters have ide.ntified occupied burrows 
as those which were frequently visited (Warham and Wilson 1982). However, unless, 
the proportion of burrows being used by pre-breeders is known, counts of active 
burrows will not give an accurate estimate of the breeding population (Dyer and Hill 
1992). 
A feature of the Procellariidae is a peculiar musky odour (Marchant and Higgins 1990) 
and some surveys of Sooty Shearwaters have used this musky smell to determine 
which burrows were occupied by Sooty Shearwaters (C. Lalas, pers.comm.). 
The adults of Pterodroma petrels respond strongly to human calls (termed "war 
whoop") (Tennyson and Taylor 1990). In Manx Shearwaters (Puffinus puffinus), 
playing a recorded call of adult birds to nestlings sometimes elicited a soft cheeping 
(Brooke 1990). 
Some Sooty Shearwater chicks respond by "cheeping" to an external sound stimulus, 
such as recorded adult calls, whilst they are in the nesting chamber of burrows (pers. 
obs.). Therefore, the response of chicks to a noise stimulus at the burrow entrance 
may be useful as a survey method for determining burrow occupancy. As most adult 
Sooty Shearwaters land at breeding colonies after dusk (Warham 1990), it could be 
expected that Sooty Shearwater chicks may respond to a recorded adult call after dusk 
rather than during daylight hours. However, using chicks response to sound as a 
survey method would be more useful and practical if they responded during the day. 
A number of different methods for determining the burrow occupancy for Sooty 
Shearwaters were assessed during this study. The aims of this chapter are to: 
(i) Review methodology for determining burrow occupancy and, in particular, test 
the usefulness of smelling burrows as a survey method. 
(ii) Investigate the possibility of using chick response to sound as a survey method. 
(iii) Compare the extent of the breeding season for Otago colonies during the 1992/93 
breeding season with those in the literature and advise on the key dates to carry 
out surveys. 
(iv) Estimate the burrow occupancy for mainland and near-shore island breeding 
colonies of Sooty Shearwater in Otago during the 1992/93 breeding season using 
a variety of methods. 
( v) Advise on the most practical methods to measure burrow occupancy in the long-
term study (described in Chapter 1). 
( 
Chapter2 27 
2.2. STUDY SITES 
A colony was defined as an aggregation of burrows more than 100 m away from any 
other aggregation of burrows. The breeding colonies studied during the 1992/93 
breeding season were on three near-shore islets along the Otago coast and at six 
locations (12 colonies) on the mainland (Fig. 1.1, Chapter 1). The islet colonies were 
on Green Island, Moturata (Taieri) Island and Tuhawaiki (Jack's) Island. The 
mainland locations were Bushy Beach (Oamaru), Shag Point, Taiaroa Head, 
Sandymount, Nugget Point, and Tunnel Rocks. 
Nugget Point had four separate colonies (Fig. 1.2, Chapter 1). At Nugget Point there 
were two quite distinct groups of burrows (Nuggets 3&4) on adjacent spurs with a 
gully in between. Since the two groups were approximately 50 m apart, they were 
defined as a single "colony". The other colonies were referred to as Nuggets 1, 
Nuggets 2 and Nuggets 5 (Fig. 1.2, Chapter 1). 
At Taiaroa Head, there were two separate colonies (Fig. 1.3, Chapter 1). One study 
colony was within the Nature Reserve and was referred to as Taiaroa Head (Reserve). 
The other colony was about 500 m southeast of the tip of the headland, east of 
Waiwakaheke Bay, on private land owned by Mrs S. McGrouther and was referred to 




2.3.1 Summary of terms 
The different terms used in this study to describe birds at different ages and different 
burrow status are defined below. 






= chicks alive after 20 April (beginning of fledging) and where no 
carcass was found after that date 
= fledglings from the previous breeding season 
= birds aged;;::: 1 year until attaining sexual maturity 
= reproductively mature birds (includes sexually mature birds who 
were not breeding as well as those producing young) 
"egg stage only" = burrows confirmed to contain an egg but where no chick was 
found in later searches 
"egg & chick stages"= burrows that contained a chick at some point from February to 
March 1993 
''unknown'' = burrows too long to accurately determine status but appeared to be 
actively in use (i.e. potentially occupied) 




= using barricades in burrow entrances, the burrows where the 
barricade was rarely or never disturbed during the breeding season. 
"Unoccupied" burrows usually had no fresh "sign" around the 
burrow entrance. 
= burrows which were frequently entered and had bird "sign" around 
the entrance (includes burrows confirmed to contain an egg and/or 
chick) 
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"occupied burrows" (range): 
minimum = confirmed occupied burrows 
maximum = confirmed occupied plus unknown status 
"% occupancy" (range) = number of occupied burrows (minimum and maximum) as a 
proportion of burrows studied (i.e. either all burrows in the colony 
or, for larger colonies burrows marked with plastic or metal tags) 
"estimated occupancy from smell" = the proportion of burrows which smelled musky at 
the time of surveying 
2.3.2 Different methods for estimating burrow occupancy 
During the 1992/93 breeding season, different methods for identifying the occupants of 
a burrow were trialed to gauge their usefulness as a survey method for determining 
burrow occupancy. The methods used were: 
a) "Sign": During the regular checking of burrows, it was recorded whether the burrow 
had the musky smell of shearwaters ("smell"), faeces at the burrow entrance ("faeces"), 
scratches at the entrance ("scratches"), fresh diggings around the entrance ("fresh 
diggings"), feathers and/or down in the burrow entrance ("feathers/down"), and/or 
vegetation blocking the burrow entrance ("overgrown"). 
The signs which were assumed to indicate whether a burrow was in use were "smell", 
"faeces", "scratches", ''feathers or down". It was thought that digging of a burrow after the 
period of egg-laying indicated the activity of pre-breeders rather than breeding birds (J.A. 
Bartle, pers. comm.). "Overgrown" burrows were thought to be inactive. Burrows with no 
fresh sign were assumed to be "unoccupied". 
Some burrows were recorded as containing an egg if egg remains were found in the 
burrow's tunnel and/or presumably having been cleared from the nesting chamber by 
the adults. 
b) "Pecks": A metre-long wooden stick was probed down the burrow entrance, 
and a record kept of whether it elicited a peck from a bird occupant (following Harrison 
1992). Occasionally, an egg in the nesting chamber could be felt by using the stick. 
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c) "Barricading" (Richdale 1963, Warham and Wilson 1984, Gaston and Collins 
1988): Four or five small sticks were inserted vertically as a "barricade" in the burrow 
floor about 20 cm inside the entrance. Checking for barricade knockdown on 
subsequent days not only indicated which burrows were entered but also how 
frequently the occupied burrows were entered over a period of time. 
At Nuggets 3&4, the barricades on "confirmed occupied" burrows were regularly 
checked from 10 to 23 December 1992 (egg stage), 15 to 27 February 1993 (early 
chick stage), and 9 April to 1 May 1993 (late chick stage), to get a cumulative rate of 
barricade knock-down over a period of time. This was to see how long it took for all 
occupied burrows to be entered during those particular periods in the breeding season. 
At Nuggets 1, the barricades on "confirmed occupied" burrows were regularly checked 
in mid-February and early April. 
d) "Bore holes": At Taiaroa Head (Private) and Nuggets 5, small bore holes (::::: 3 
cm diameter) were drilled down to the nesting chamber of burrows which had appeared 
to have been active in the preceding weeks. Ten "bore holes" were drilled at each 
colony during the "honeymoon" period in early November when the majority of birds 
.leave the colony before egg-laying (Warham 1990). The nesting chamber was located 
by probing the ground with a length of No.8 wire along the burrow tunnel until the 
tunnel widened and end was reached. A length of plastic tubing was placed in the bore 
hole and the top was closed with a rubber bung. When the birds returned in late 
November, fibre optics equipment (Reichart brand, cable diameter< 1 cm) was inserted 
down the bore hole to observe the occupants of the nesting chamber. 
e) "Hatches": During the "honeymoon" period, holes (diameter::::: 15 cm) were dug 
down to the nesting chamber of burrows and coveted with a 30 cm x 30 cm wooden 
slab (diagram in Walls 1978). Twenty of these "hatches" were established on burrows 
at Taiaroa Head (Private) and ten at Nuggets 5. The occupants were initially viewed 
using a small angled mirror and torch before hatching to reduce the disturbance on 
incubating adult birds. After hatching, occupants were identified by opening the 
"hatch" and directly feeling for the chick or the adult bird. 
0 "Burrowscope": The "burrowscope" consisted of specialised fibre optics 
equipment which had been modified for looking into burrows (Fig. 2.1) (Dyer and Hill 
1991). A fibre optics camera was at one end of a 2 m length of drainage hose (diameter 
::::: 5 cm). The camera could be pushed down the tunnel of the burrow via the entrance 
and the burrow contents could be viewed on a video monitor outside. For some 
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burrows, it was possible to directly identify the presence of an egg or the occupants in 
the nesting chamber using the "burrowscope". This equipment was on intermittent loan 
from the Department of Conservation twice (Feb/March and May) during this study. 
g) Chick carcasses: Sometimes the carcass of a chick was found in the burrow 
entrance of burrows which were too long to confirm their occupancy status. These 
burrows were then classed as burrows having contained a nest (i.e. "confirmed 
occupied"). 
Figure 2.1: Photograph showing the specialised fibre optic "burrowscope" used for 






2.3.3 Chick response to sound as a survey method 
Only burrows which were confirmed as containing a chick (using the "burrowscope") 
were used to trial chicks response to artificial sound. Twenty eight burrows at Taiaroa 
Head (Private) were studied every night from 23 March 1993 until 26 March 1993 
inclusive and eight burrows at Nuggets 3&4 were studied every night from 6 April 
1993 until 9 April 1993 inclusive. 
Three different stimuli sounds were used: recorded adult call(""' 10 seconds); "war 
whoop" (3 "whoops",""' 5 seconds each); clapping hands (10 successive claps). Each 
study burrow had the three test sounds given before dark (i.e. before the first adult bird 
landed at the colony) and then again after dark (i.e. just after the first adult bird landed). 
Burrows were checked in a different order each evening to control for any effect of time 
on response rates. All three sounds were made at the entrance of each study burrow in 
a random order with one minute wait between each type of call. Chicks make a high-
pitched, squeaky "cheep". Adults make a deeper noise as described in Robertson 
(1985). Any "cheeps" from chicks or "calls" from adult birds inside the burrow were 
noted relative to the sound the bird responded to. 
Each night after the final trial the burrows were probed with a stick to elicit a peck from 
the chick and confirm the burrow was still occupied. "Barricades" in burrow entrances 
were checked (and re-established if disturbed) at the beginning and end of each trial so 
that it could be ascertained whether the burrow had been entered. 
2.3.4 Breeding season dates for 1991/92 and 1992/93 
At the end of the 1991/92 and 1992/93 breeding season, Taiaroa Head (Private) was 
regularly visited at night. From these visits, estimated bird departure dates from the 
colony were obtruJ1.ed. 
At Taiaroa Head (Private), the colony was visited at least twice a week during the 
1992/93 breeding season so for some nests, dates of hatching and fledging could be 





2.3.5 Burrow occupancy estimates for Otago breeding colonies 
All burrows were counted at each colony and study burrows were individually marked 
at all colonies except for Tunnel Rocks. Burrows that were identified as having two 
entrances were counted as one burrow. Burrows which a single entrance but where the 
tunnel forked to give two nesting chambers were identified as two separate burrows. 
At Taiaroa Head (Reserve), another 16 burrows were found (aside from the 21 
burrows studied) which were either rabbit or potential Sooty Shearwater burrows. 
Intensively studied colonies 
Marked burrows were checked once a week at Nuggets 1, 3&4, 5 and Taiaroa Head 
(Private), and once a month at Tuhawaiki Island and Taiaroa Head (Reserve) from 
November 1992 until mid-May 1993. Burrow occupancy was determined by using the 
range of methods described in Section 2.3.2. 
The two main burrow occupancy classifications were whether a burrow was "occupied" or 
"unoccupied". However, burrows were classified into three categories of occupancy: 
"unoccupied", "confirmed occupied" or "unknown" status. 
Other study colonies 
Colonies at Bushy Beach, Shag Point, Sandymount, Nuggets 2, and Tunnel Rocks were 
infrequently monitored and estimating burrow occupancy was complicated by the length of 
the burrows. At all these colonies the burrows were too long to accurately determine 
occupancy. Burrow occupancy was roughly estimated using the musky smell of burrows as 
past surveys have used. "Estimated occupancy from smell" for these colonies was recorded 










2.4.1 Usefulness of different methods to determine burrow occupancy 
a) "Sign" 
There appeared to be an increase in the proportion of both "confirmed occupied" and 
"unoccupied" burrows smelling from December to January which decreased again by March 
(Fig. 2.2). 
During December at Nuggets 3&4, of 23 "confirmed occupied" burrows and 22 
"unoccupied" burrows which were checked for four days, the "confirmed occupied" 
burrows smelt musky on significantly more days (42%, SD= 27) than the "unoccupied" 
burrows (15%, SD = 21) (p < 0.01, unpaired two-tailed t-test). 
In January, the same "confirmed occupied" burrows checked for six days, smelt musky on 
significantly more days (58%, N = 23, SD = 45) than the "unoccupied" burrows (38%, N = 
22, SD= 23) (p < 0.01, unpaired two-tailed t-test). 
In March, the "confirmed occupied" burrows checked for two days again smelt musky on 
significantly more days (50%, N = 23, SD = 45) than the "unoccupied" burrows (7%, N = 
22, SD= 23) (p < 0.01, unpaired two-tailed t-test). 
When the data from the three months was clumped, the "confirmed occupied" burrows smelt 
musky on significantly more days (52%, N = 23, SD= 19) than the "unoccupied" burrows 
(25%, N = 22, SD = 17) (p = 0.0001, unpaired two-tailed t-test). 
However, not all "confirmed occupied" burrows smelt musky all the time and some 
"unoccupied" burrows occasionally smelt musky. Therefore, the overall usefulness of using 
smell alone as a survey method is questionable. 
The problems of using burrow smell as a survey method was further compounded 
when other animals, such as rabbits or Blue Penguins, were using the same burrows or 
burrows in the same area. The smell from other animals usually masked the musky 
smell of shearwaters. 
"Faeces", "scratches", "feathers/down" did not occur in the burrow entrances often 
enough ( < 10% for any day that 23 "confirmed occupied" burrows were checked at 
Nuggets 3&4) to be solely used as indicators of burrow use. Also, as pre-breeding 






"unoccupied" burrows. "Fresh diggings" were found at both "unoccupied" and 
"confirmed occupied" burrows throughout the breeding season. 
Thirteen percent of "confinhed occupied" burrows (N = 23) looked "overgrown" 
during December surveying. 
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Egg remains in the burrow entrance were a useful indicator of the presence of a nest but 


















D confirmed occupied; N = 23 




Figure 2.2: The proportion of days which "confirmed occupied" and "unoccupied" 
burrows smelt musky in December 1992, January 1993 and March 1993 (95% confidence 
intervals are presented as error bars). 
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b) "Pecks" 
This was the most useful and reliable method for confirming the presence of a bird in 
burrows which were less than 2 m long and fairly straight. Most burrows which were 
discovered to contain birds were then checked with the "burrowscope". This enabled 
confirmation of the age of the occupant ( chick or adult). If a burrow contained a chick, 
it could then be regularly checked using the "pecking" method with reasonable 
confidence that the same occupant was still present and alive. However at Nuggets 
3&4 in February for example, in burrows confirmed to contain a chick using the 
"burrowscope", "pecks" were only obtained on average 39% of the nine times (i.e. 
days) the burrows were probed with a stick (N(chicks) = 15; SD= 22; range= 0 -
66% ). One chick did not peck the stick on any of the nine days. 
c) "Barricading" 
The cumulative rate of barricade knockdown is presented for "confirmed occupied" 
burrows at Nuggets 1 and Nuggets 3&4 in February (Fig. 2.3). In February, most 
"confirmed occupied" burrows(~ 95%) at Nuggets 1 had been entered after six nights 
and at Nuggets 3&4 after five nights. 
At Nuggets 3&4, the cumulative rate of barricade knockdown for burrows which were 
"confinned occupied" is presented for December, February and April (Fig. 2.4). At 
Nuggets 3&4 in December most "confirmed occupied" burrows~ 95%) had been 
entered after eight nights, in February after five nights, and in April after 16 nights 
(Fig. 2.4). 
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Figure 2.3: The cumulative frequency of the proportion of burrows being entered 
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Figure 2.4: The cumulative frequency of the proportion of burrows being entered 
since the first day of checking in mid-December, mid-February and early April at 
Nuggets 3&4. 
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d) "Bore holes" 
This method was abandoned early in the study due to the lack of success in identifying 
what was in view down the bore hole. As the bore holes were small (""' 3 cm diameter) 
the field of vision in the nesting chamber was very limited. The lighting source on the 
basic fibre optics equipment was also too weak to be able to identify what was inside 
the burrow. However, with better equipment there are potential advantages from using 
this method, as opposed to digging larger holes (eg. with "hatches") over the nesting 
chamber. These advantages are possible reduced disturbance to the nesting bird and 
reduced burrow destruction if the nesting chamber is not reached on the first drilling 
attempt. 
e) "Hatches" 
Burrows greater than two metres long were virtually impossible to study without installing 
observation "hatches" over the nesting chamber. This was only practical at colonies which 
were not steep and was also inappropriate for some burrows which meandered or were 
obscured with rocks and tree roots. However, the hatches which were established were very 
useful in directly identifying burrow occupants. Establishing hatches involves interference 
with the burrow construction, especially if the position of the nesting chamber is misjudged 
and digging needs to be extended. 
0 "Burrowscope" 
The fibre optics "burrowscope" was useful for confirming the occupancy of burrows 
less than 1.5 m long. However, the "burrowscope" used was not entirely appropriate 
for checking the occupancy of a large number of burrows as it was relatively 
cumbersome and difficult to manoeuvre down long or curving tunnels. As the camera 
at the head of the drainage hose was quite large and heavy it was difficult to push it 
very far down a burrow. If a large number of burrows were being checked regularly 
for occupancy, a "burrowscope" with a smaller, lighter camera would make the 
equipment more practical. If a remote control system or a camera on wheels which was 
not prone to tipping could be designed, it would make this equipment more useful. 
g) Chick carcasses 
Chick carcasses were useful evidence for identifying burrows which had been 
occupied. However, some carcasses were found in burrow entrances in early April and 
as chicks may be moving around by that time, the burrow entrance which they were 
found in may not necessarily have been where their nest was. 
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2.4.2 Chick response to sound 
Chicks did not regularly respond to sound stimuli in late March/early April at either 
Taiaroa Head (Private) or Nuggets 3&4. 
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At Taiaroa Head (Private) all chick cheeps in response to stimuli were made after dark. 
A total of eight different chicks (29%, N=28 chicks) cheeped during the four trial 
nights and four of those were with an adult bird at the time (the adult bird was either 
heard calling or seen). The eight chicks which cheeped made a total of 21 cheep 
responses (Table 2.1). 
At Nuggets 3&4, four (33%, N=12 chicks) different chicks made a total of 15 cheep 
responses during the four trial nights. One chick responded to different stimuli nine 
times over the four nights. Of the 15 cheeps, four cheeps were made in response to 
stimuli before dark and eleven were in response to. stimuli after dark. None of the 
chicks that cheeped were with an adult bird at the time. 
These chick response patterns were not different between the two colonies sampled. 
After clumping the two colonies, of the 36 total cheep responses (Table 2.1), 18 were 
in response to a "whoop", 10 were in response to "clapping" and eight were in 
response to the recorded adult call and the differences were not statistically significant 
(X2 = 4.667, df = 2, p > 0.05). 
Of the 36 cheeps, nine were in response to the 1st stimulus, 15 were in response to the 
2nd stimulus, and 12 were in response to the 3rd stimulus and the differences were not 
statistically significant (X2 = 1.5, df = 2, p > 0.05). This may suggest a non-random 
response with respect to the order of stimuli. It may also indicate that chicks did not 
preferentially respond to a stimulus in relation to the order the stimuli were presented. 
At Nuggets 3&4, all chicks which cheeped had been visited (presumably by a parent) 
the previous night with the exception of the chick which cheeped nine times. That 
chick was not visited during the four consecutive nights of trialing. At Taiaroa Head 
(Private), all chicks which cheeped had been visited within the previous two nights. 
During the trial at Nuggets 3&4 in early April, some chicks made a noise which was a 
mixture of an adult call and a chick cheep. 
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Table 2.1: Chick responses (i.e. cheeps) at two colonies (Taiaroa Head (Private) and 
Nuggets 3&4) to the type of acoustic stimuli presented and responses to the order 
which the acoustic stimuli were presented. 
Types of acoustic stimuli Order of acoustic stimuli 
Colony 
Whoop Clap Adult Total 1st 2oo 3nl Total 
Taiaroa Head (Private) 10 6 5 21 7 6 8 21 
Nuggets 3&4 8 4 3 15 2 9 4 15 
Total "cheep responses" 18 10 8 36 9 15 12 36 
2.4.3 Breeding season dates for 1991/92 and 1992/93 
The first Sooty Shearwater observed flying past Taiaroa Head by staff at Taiaroa Head (L. 
Perrimru,i, pers~ comm.) was on 22 September 1992. The colony at Taiaroa Head (Private) 
was visited at night on the 27 September 1992 and no birds were at the colony. The next 
visit at night was on the 30 September 1992 and birds were observed at the colony. 
Of the nine burrows with eggs that were checked twice a week with a "burrowscope" at 
Taiaroa Head (Private) around hatching time, the first chick hatched between 15 and 17 
January 1993 and the last chick hatched between 25 and 29 January 1993. 
The last adult seen at Taiaroa Head (Private) in the 1991/92 season was on the night of 23 
April 1992 (Table 2.2). For the 1992;93 .season, the last adult seen was on the night of 26 
April 1993 (Table 2.2). 
For the 1991/92 season, fledging chicks first came to the surface at night at Taiaroa Head 
(Private) between 14 and 21 April 1992 and the last chick was seen on the night of 12 May 
1992 (Table 2.2). For the 1992/93 season, the first chick seen on the surface at night was 
on 19 April 1992 and the last chick on the night of 13 May 1992 (Table 2.2). 
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Table 2.2: The Taiaroa Head (Private) night visits at the end of the 1991/92 and 1992/93 
breeding seasons immediately around the period when a) the first chick was observed on the 
surface, b) the last adult was seen at a colony, and c) the last chick was seen at a colony. 
1991/92 1992/93 
a) Dates (April) 9/4 14/4 21/4 12/4 19/4 23/4 
Number chicks on surface 0 0 11 0 3 2 
b) Dates (April/May) 14/4 23/4 28/4 30/4 23/4 26/4 29/4 2/5 
Number of adults seen at colony 3 1 0 0 2 12 0 0 
c) Dates (May) 5/5 11/5 12/5 14/5 12/5 13/5 20/5 
Number of chicks seen at colony 14 0 1 0 6 7 0 
2.4.4 Estimated burrow occupancy for Otago colonies 
Burrow occupancy at intensively studied colonies. 
The minimum possible burrow occupancy ranged from 25 - 52% for six different colonies 
around Otago and the maximum burrow occupancy ranged from 47 - 62% (Table 2.3). 
Taiaroa Head (Reserve) and Tuhawaiki Island had the highest proportion of confrrmed 
occupied burrows and Nuggets 1 had the lowest proportion of confirmed occupied burrows. 
Estimates, by extrapolation, for the total number of occupied burrows at colonies are 
presented in Table 2.3. Comparing the occupied burrow estimated from C. Lalas in the 
1980's with those in the 1992/93 breeding season show a decrease in the occupied burrows 
at Nuggets 1 and an increase at Taiaroa Head (Private). However, Lalas' estimates are not 
as accurate as the 1992/93 estimates as he estimated occupancy as the number of burrows 
which smelled musky. 
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Table 2.3: The status of study burrows and burrow occupancy from six Sooty 
Shearwater breeding colonies along the Otago coast in 1992/93 (see Methods 2.3.1 for 
definition of terms). The total number of occupied burrows (extrapolated) at colonies in 
1992/CJ3 is presented and the total number of occupied burrows estimated in the 1980's (C. 
Lalas, pers. comm.). [UO = unoccupied burrows, CO = confirmed occupied, US = 
unknown status] 
COLONY Marked uo co us occupied Total no. Total 1980s 
burrows burrows burrows occupied tot occ. 
(% occup.) burrows burrows 
Nuggets 1 116 68 29 25 29-54 122 31-57 90 
(25-47%) 
Nuggets3&4 69 27 28 14 28-42 69 28-42 40 
(41-61%) 
TaiaroaHd (Private) 104 46 39 19 39-58 620 236-347 150 - 300 
(38- 56%) 
Taiaroa Hd (Reserve) 21 8 11 2 11 - 13 21 11-13 
(52-62%) 
Tuhawaiki Island 44 17 21 6 21- 27 1050+ 504-640 983t 
(48-61%) 
t adjusted figure to only include the areas of burrows counted in the 1992/93 season 
Burrow occupancy at other study colonies. 
Rough estimates (using the proportion of burrows smelling musky) of the number of 
occupied burrows at the other mainland colonies varied greatly depending on the month 
surveyed (Table 2.4). Survey months and the total number of days the colonies were 
surveyed are presented (Table 2.4) to indicate the varying levels of effort at each colony and 
the time during the breeding season when estimates were obtained. 
For 36 burrows at Nuggets 2, burrow occupancy from smell varied greatly depending on the 
day surveyed (Fig. 2.5). In December, there was more than a four fold increase in less than 
a week for the proportion of burrows that smelt musky (Fig. 2.5). 
Both Bushy Beach and Sandymount colonies were visited for one evening each during 





Table 2.4: The total number of burrows for the infrequently surveyed mainland colonies. 
The number of occupied burrows estimated from smell for different months in the 1992/93 
breeding season are also presented. Dashes represent no available data. Where a colony 
was surveyed more than once in a month, the number of occupied burrows is given as a 
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Figure 2.5: The estimated burrow occupancy from smell on six days in December 1992 
and January 1993 for the same 36 burrows at Nuggets 2. 
-\ 
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Sixty burrows were found and marked at Nuggets 5. The presence of an egg was confirmed 
only in one of these burrows. High adult mortality of Sooty Shearwaters from predation 
occurred at this colony early on in the breeding season (See Chapter 4) and negligible activity 
(i.e. only occasional burrows being entered between each visit) was observed after 9 January 
1993. Therefore, burrow occupancy (i.e. proportion of attempted nests) was probably< 2% 
(i.e. one out of 60). 
At Green Island, estimating Sooty Shearwater burrow occupancy was complicated by the 
presence of Blue Penguins. Fifty potential Sooty Shearwater burrows, which were in areas 
of previously occupied Sooty Shearwater burrows (C. Lalas pers.comm.), were marked on 
Green Island in mid-October 1992. However, it was difficult to determine whether burrows 
were occupied by Blue Penguins or Sooty Shearwaters for both the October and February 
field trips (see Chapter 4). A total of 18 adult Sooty Shearwaters were banded in mid-
October 1992 and three more in early February 1993. Copulation was observed between a 
pair of birds in the mid-October field-trip which may indicate that breeding was occurring on 
the island. However, the pair of birds may have been pre-breeders. Only one burrow was 
confirmed as containing a chick in early February. 
Determining Sooty Shearwater burrow occupancy was also difficult on Moturata Island due 
to the fragility of the island and the presence of Blue Penguins. Three chicks were found in 
burrows during February so breeding did occur on the island. Two groups of observers sat 
out after dark on the island on 21 February 1992. Fifty-four adult Sooty Shearwaters were 
observed landing at the north end of the island and three at the south end. 
Chapter2 
2.5. DISCUSSION & CONCLUSIONS 
2.5.1 Methodology for determining burrow occupancy 
All of the methods for determining burrow occupancy had both advantages and 
disadvantages in terms of accuracy, economic costs, practicalities of use, and/or 
disturbance to the burrow occupants, as described below. 
"Sign" 
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"Sign" at the burrow entrance was relatively ineffective when determining if a burrow 
was occupied by a Sooty Shearwater nest as non-breeding birds as well as other 
animals also leave similar evidence of their presence. 
If colonies were to be surveyed infrequently, using musky smell would not give an 
accurate estimate of occupancy from the evidence on the proportions of survey times 
when either "occupied" or "unoccupied" burrows smelt 
By March, however, although some "unoccupied" burrows sometimes smelt musky, 
the "occupied" burrows were much more likely to smell musky although a large 
number of "occupied" burrows still did not smell. Burrow occupancy estimates from 
smell varied by about 50% within a week at one colony in December (Fig. 2.5) which 
illustrates the inconsistency of this method. The large variation in estimates may have 
been due to different weather conditions or the movements of pre-breeders. For 
surveys including this method, recording the month of the survey is important 
Determining whether a burrow smells is probably subject to weather conditions (i.e. 
smell was less obvious when ground was wet) and observer variability. The "musky" 
smell of Sooty Shearwater burrows is probably most useful in conjunction with other 
methods as an indicator of occupancy rather than a method on its own. However, for 
past surveys in Otago, occupancy has been estimated by solely using the proportion of 
burrows which smelled (see Chapter 1). This, coupled with observer variability for a 
factor as subjective as "smell", makes comparison with historical records of limited 
value. 
At some colonies, the musky smell of shearwaters was probably most useful for 
identifying potential Sooty Shearwater burrows compared with Blue Penguin burrows. 
l 
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Other "sign" (i.e. "faeces", "scratches", "feathers/down") do not occur frequently 
enough and do not necessarily identify occupied burrows as "sign" may be left by pre-
breeders for example. Using "sign" to help determine burrow occupancy at a colony 
may be more confusing than anything. 
Although some burrows had fresh diggings throughout the breeding season, this may 
not necessarily have been from Sooty Shearwaters and could have been rabbit 
diggings, especially at Taiaroa Head where there appears to be a large rabbit 
population. 
The majority of burrows with "eggs" recorded were ones which had egg remains found 
in the tunnel after having been cleared out from the nesting chamber by the adult. 
Therefore, there may have been other burrows with egg remains which were not 
cleared from the nesting chamber or which were not brought near enough to the burrow 
entrance to be visible from the outside. It is not known how long egg remains last or 
whether they last different lengths of time in different soil or weather conditions. 
Therefore, the egg remains which were found at burrow entrances may not necessarily 
have been from nests during the 1992/93 breeding season. Eggs are often laid in the 
open possibly by birds without a mate (Warham et al 1982) so egg remains at a burrow 
entrance may not be from a viable nesting attempt However, eggs laid on the surface 
was only observed twice with both eggs being at Taiaroa Head (Private). 
. It is not always possible to judge occupancy from the state of the burrow entrance 
because parents sometimes do not return for several days and entrances can appear 
disused after a short period (Harrison 1992). Richdale (1963) also observed that 
burrows which contained an incubating bird were not easily seen as the entrance was 
sometimes overgrown with vegetation. This was confirmed in this study as 13% of 23 
"confirmed occupied" burrows appeared to be overgrown from the burrow entrance. 
"Pecks'' 
Once the identity of a burrow occupant had been confirmed (eg. by using a 
"burrowscope" or "hatch"), this method for following a bird's survival was quite 
effective. With a metre-long stick and extended arm, burrows less than two metres and 
relatively straight could be checked using this method. However, chicks that were 
known to be alive and occupying a particular burrow, pecked a stick less than half of 
the times tested. There was also a large amount of variability between chicks for the 
number of times they pecked a stick. The frequency of pecking may be related to the 
length of the burrow the chick occupied or the aggressiveness. 
'( 
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Prodding burrows with a stick may also be useful to feel for the distinctive shape and 
hardness of eggs. The reliability of this could be tested by having the investigator 
identify a number of unknown objects by feeling with a stick. 
"Barricading" 
Using "barricade" knockdown was helpful in determining occupancy if burrows were 
checked regularly but an unknown proportion of burrows were entered by pre-
breeders. Other animals, such as rabbits, were also likely to enter burrows and disturb 
the barricade. There appeared to be some seasonal variation in the length of time that all 
"confirmed occupied" burrows had disturbed barricades (i.e. they had been entered) but 
variation between colonies appeared to be small. 
At different times during the breeding season, different results are obtained from 
barricade knock-down depending on how often burrows are checked. 
In December (incubation/egg stage), the majority of "confirmed occupied" burrows had 
been entered after eight nights and in February (early chick stage) after five nights. 
Parent birds are presumably entering burrows more frequently in February to feed 
young chicks than when they were changing incubation shifts in December. In April 
(late chick stage), the majority of "confirmed occupied" burrows had ben entered after 
16 nights. This indicates that chicks are probably being fed much less frequently in 
April than February. 
Chicks were first observed on the surface in the 1992/93 breeding season on the 19th 
April 1993. As regular barricade knockdown checks in April were made for the night 
of the 9th until the night of the 30th April, some of the knockdowns from the 19th 
(night 11) until the 30th (night 22) may have been chick disturbance rather than adults 
entering burrows. However, between those dates only a further 5% of burrows were 
entered. 
As the identity of the animal disturbing barricades is unknown, this method on its own 
is relatively useless. However, barricading would be useful if a study involved 
investigating how often a chick was visited although it co~ld not be confirmed that the 
visiting animal was the parent bird. 
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"Bore holes" and "burrowscope" 
The "burrowscope" was the best method for accurately determining burrow occupants 
without interfering with the burrow (eg. by digging to the nesting chamber). However, 
both types of fibre optic equipment used during this study need refinement and 
modification before either method is entirely useful for determining the occupancy of a 
large proportion of burrows. In particular, the light source needed strengthening on the 
equipment used to look down drilled bore holes. As this equipment is expensive it is 
important that its usefulness is maximised. 
In terms of confirming occupants and following the survival of individuals, direct 
viewing is the best method. The "burrowscope" is probably the most effective and 
least destructive method to use. If the "burrowscope" can be modified to make it easier 
to follow the occupants of large samples of burrows, it is probably the key piece of 
equipment for accurately identifying individuals and following their survival. 
"Hatches" 
The cheapest and most effective method of directly observing the occupants of burrows 
was to put hatches over the nesting chamber. Hatches would also be the easiest way to 
extract chicks from longer burrows if weighing or other handling were necessary. 
However, establishing "hatches" over the breeding chamber of burrows makes chicks 
more vulnerable to illegal muttonbirding. Establishing "hatches" also interferes with 
the burrow construction so it may be undesirable for a large number of burrows or at 
some localities. The soil also needs to be fairly stable before digging down to the 
nesting chamber so that the burrow does not collapse. 
Summary 
As all remaining mainland colonies on the South Island of New Zealand are relatively 
small, further restriction of sample sizes to the occupancy of easily assessable burrows 
would severely limit the study on breeding biology. Excluding long burrows may also 
bias the results if, for example, longer burrows are occupied by older birds who may 
have a higher breeding success. Occupants of longer burrows may also be less 
susceptible to predation. There are also few available colonies to study and the 
proportion of burrows short enough to study varies enormously between colonies. 
Accordingly it is imperative to beat methodological problems. 
' -~ 
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In this study burrow occupancy was best estimated using a combination of methods. 
The best combination of methods used was to firstly identify burrow occupants using 
the "burrowscope" and then to follow up their survival by eliciting "pecks" on a 
wooden stick inserted via the burrow entrance. "Hatches" were also accurate and cheap 
to use on a small number of burrows where the nesting chamber was otherwise out of 
reach. 
This preliminary study initiates a long-term monitoring programme of Sooty 
Shearwater in Otago. A number of methodological problems were encountered in this. _ 
study which will need to be refined for the accuracy and efficiency of the long-term 
monitoring. 
2.5.2 Chicks response to sound as a survey method 
Artificial acoustic stimuli have been used to attract adult birds in some studies on 
petrels. For Pterodroma petrels, the "war-whoop" call was useful and practical in 
attracting birds during studies (Tennyson and Taylor 1990). Tennyson and Taylor 
(1990) suspected that the birds attracted towards a "war-whoop" were non-breeders or 
unpaired birds. The breeding birds that responded from burrows gave an 
aggressive/territorial call, whereas other birds usually gave sexual advertisement calls 
(Tennyson and Taylor 1990). Playback of recorded vocalisations of the Dark-rumped 
Petrel (Pterodroma phaeopygia) resulted in higher capture rate of adult birds (Podolsky 
and Kress 1992). 
In this study, three different acoustic stimuli were used to try and elicit a vocal response 
from chicks occupying burrows. There appeared to be no consistency in the frequency 
of Sooty Shearwater chicks responding to acoustic stimuli. Over half of the chicks that 
were known to be alive, did not respond at all during four nights of trialling. This may 
be partly due to their age as the trials were not carried out until the last month before 
fledging. 
The number of "cheeps" which were elicited was small and there was no difference in 
the three stimuli trialled in getting chicks to respond The tape recorded adult call which 
was used may not have been the appropriate call at feeding time. However, there is no 
evidence for Manx Shearwaters that chicks were more likely to call in response to male 
or female calls, or to their parents' calls as opposed to strange calls (Brooke 1990). 
There is some evidence that hungry chicks cheep more frequently. One chick which 
was not feed (i.e. the barricades were not disturbed) during the four trial nights, 
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cheeped a total of nine times. It is hypothesized that younger chicks may respond more 
readily to acoustic stimuli than older chicks as younger chicks are probably fed more 
frequently (Section 2.5.1, "Barricades"). 
It was also interesting to note that the noise made by older chicks in early April was a 
cross between an adult call and a chick cheep. This may possibly be a feature of chicks 
that are almost ready to fledge. 
From this trial, chicks' response to sound stimuli would not make an informative 
survey method. However, a "cheep" is quite distinctive and when a chick does cheep it 
is an excellent confirmation of the burrow occupant 
2.5.3 Comparison of breeding season dates 
Sooty Shearwaters first returned to a breeding colony at Pipinui Point, near Wellington 
(1960-67) in early September and were all ashore by 12 September with burrows cleaned out 
by 26-27 September (J.A. Bartle unpubl. data). The first birds returned to the Snares 
Islands on about 10 September and most eggs were laid over a two-week period centred on 
22 November (Warham et al 1982). At Taiaroa Head (Private) in 1992, Sooty Shearwaters 
were not observed at the colony until the 30 September which is about two to three weeks 
later than at Pipinui Point artd Snares Islands. Although the first visit to the Taiaroa Head 
(Private) colony was not until the 27 September 1992, no birds were present. 
The first eggs recorded at Pipinui Point were on 6 October 1962 (J.A. Bartle pers. 
comm.). At Macquarie Island in 1978n9, of the 34 eggs laid, the earliest was probably 
laid about 12 November (Brothers 1984). At the Snares Islands in 1972, the first egg 
was recorded on 17 November and the last known egg was laid on the night of 1 
December (recorded on the 2 December) (Warham et al 1982). Latitudinal variation for 
egg laying dates appears to be quite pronounced. No data was obtained for egg-laying 
dates at the Otago colonies for the 1992/93 breeding season. 
Hatching dates for four breeding seasons on the Snares Islands (1967, 1970, 1971, 
1972) ranged from the 7 to 18 January (Warham et al 1982). At Macquarie Island in 
1978n9 of 11 eggs that hatched, the first egg hatched on 10 January and the last about 
26 January (Brothers 1984). This compares well with results from Taiaroa Head 
(Private) in 1992. At Taiaroa Head (Private), of nine nests containing eggs that were 
observed, the first chick hatched about the 15 January and the last between the 25 and 
29 January. If the average incubation period for Sooty Shearwaters is 53 days 
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(Warham et al 1982), the laying period at Taiaroa Head (Private) in 1992 was in late 
November to the first week of December. 
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Most adults leave between the end of March and the third week of April (W arham et al 
1982). At Taiaroa Head (Private) in 1991 the last adult was seen on the 23 April and in 
1992, the last adult was seen on 26 April. 
Fledglings leave the islands from mid-April to early May (Warham et al 1982). At 
Otago colonies, the first chicks came to the surface to prepare for fledging on 20 April 
in 1992 and on 19th April in 1993. At Otago colonies in 1992, the last chick was seen 
on 12 May and in 1993 on the 13 May. 
To follow reproduction and survival parameters for the long-term study, the key dates 
are as follows. The earliest laying date from the published literature and this study was 
the 12th November (Brothers 1984) and the latest recorded was on the 2nd December 
(Warham et al 1982). The earliest hatching date was 7th January (Warham et al 1982) 
and the latest was possibly about the 26th January (Brothers 1984 and this study). 
Chicks surviving until the 20th April will probably fledge successfully. However, 
sample sizes for both individuals and breeding seasons in all the studies were small so a 
day or two leeway on either side of these dates is recommended. 
2.5.4 Occupancy estimates for Otago colonies 
The highest burrow occupancy was recorded at Taiaroa Head (Reserve) (range 52-
62 % ) and Tuhawaiki Island (48-61 %). The lowest burrow occupancy was at the 
Nugget Point colonies~ 
A high proportion of adult breeding pairs return to the same burrow each year (W arham 
1990) and may lengthen the burrow from year to year during nest preparation. 
Therefore, burrows of "unknown" status which were long may potentially be more 
successful as they may be occupied by older, more experienced breeding pairs. 
Burrow length may be an important consideration in assessing breeding success as 
some previous studies have based estimates on only the nesting chambers that could be 
reached by hand. 
Since using the musky smell of burrows as a survey method on its own was unreliable, 
the burrow occupancy estimates for the infrequently surveyed colonies have limited 
value and probably can not be used for future comparisons. Burrow occupancy 




burrows at a colony. The burrow occupancy estimates obtained by using the smell of 
burrows are not an accurate indicator of the proportion of burrows actually containing 
nests. 
Due to the methodological issues and problems described in the chapter, comparison of 
the current estimates with historical estimates for the number of occupied burrows at 
colonies are unreliable. Past estimates of occupancy using smell identify the presence 
or absence of Sooty Shearwaters at colonies. Therefore, historical information is 
helpful in determining the proportion of colonies which are still persisting but not 
estimates of the trends in size. However, this is a crude way to infer the conservation 
status of mainland colonies. There is now the need to have accurate, repeatable surveys 
of the occupied burrows at breeding colonies for future comparisons in the long-term 
study. 
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A long-term population study on Sooty Shearwaters (Puffinus griseus) has been 
initiated around the coast of southern New 2.ealand. The study aims to assess the 
conservation status of mainland breeding colonies and to identify the key threats which 
may have contributed to colony extinction in the past and which may threaten remaining 
colonies. Methodologies need to be developed to measure reproductive (Chapter 2) 
and survival parameters. 
In order to monitor reproductive and survival parameters in a long-term study, a large 
number of individuals need to be permanently marked (i.e. banded). Identification of 
sex is also desirable. Sooty Shearwaters have a monogamous mating system and both 
parents feed the chick (W arham 1990). Therefore, in small populations, differential 
survival of the sexes leading to uneven sex ratios could be important to the survival of 
the population. 
In Manx Shearwaters (Puffinus puffinus), breeding males had a minimum annual 
survival of 87.2% and females 90.3% although this difference was not statistically 
significant (Brooke 1978, 1990). In Short-tailed Shearwaters (Puffinus tenuirostris), 
although there was no difference between males and females in their overall survival 
rates, females appeared to have a slightly higher survival rate than males in the earlier 
years but a somewhat lower rate later in life (Wooller et al 1989). 
However, seabirds are usually difficult to sex as most species lack any obvious sexual 
dimorphism. Currently, the common method of sexing petrels in the field is cloacal 
examination during the egg-laying period (Serventy 1956, Boersma and Davies 1987). 
This method is limited as only females that have recently laid eggs, and their known 
mates, can be sexed (Serventy 1956, Boersma and Davies 1987, Johnstone and Niven 
1989). Sooty Shearwaters are also particularly susceptible to disturbance on the nest 
and will usually desert if handled during the incubation period when cloacal 
examination is most successful (Warham 1990). Other methods which have been used 
for sexing live monomorphic birds include counting the number of filoplumes on the 
heads of birds (Imber 1971b), and inspecting gonads using fibre optic endoscopy 
(Jones et al 1984). 
A method for sexing fledgling Sooty Shearwaters would also be useful in monitoring 
survival in the pre-breeding period before birds return to breeding colonies. If survival 
is different between the sexes in the pre-breeding period, methods such as cloacal 
examination of the adult population may be too late to identify any differential survival 
between the sexes. 
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Similarly there could be important differences in the time of first breeding between the 
sexes. This would not be easily detected from cloacal examination of breeding birds 
but morphometric sexing could help. 
The measurements of morphometric characteristics can be used to sex some species 
(Dunnet and Anderson 1961, Imber 1971 b, Croxall 1982, Scolaro et al 1983, 
Johnstone and Niven 1989, Murie et al 1991, Eason 1992). Although morphometric 
sexing may not accurately identify the sex of all individuals, it can be used at any time 
of the breeding season and without the need to compare mates. This is important for 
adult Sooty Shearwaters which are so susceptible to disturbance during the incubation 
period. Morphometric sexing could also possibly be developed so that fledglings can 
be sexed before they leave breeding colonies. 
Sexual dimorphism in body measurements of Puffinus species tends to be slight 
(Warham 1990). However, discriminant function analysis performed on a number of 
different morphometric characters at a time, may produce formulae which predict the 
sex of individuals with some degree of accuracy. 
Discriminant function analysis addresses the problem of separating two or more groups 
of individuals, given measurements for the individuals on several variables (Manly 
1986). Discriminant function analysis decides the group to which an individual 
belongs by calculating the probability that the individual belongs to each group, and 
picking the group with the largest probability. The matrix giving the squared distances 
between groups, gives the distances between the group means. Groups that are further 
apart are more easily distinguished. Linear discriminant functions can generate rules 
for deciding the group to which an individual belongs. 
Discriminant function analysis has been used to sex landbirds (eg. Takahe, Notomis 
mantelli, Eason 1992) as well as seabirds (eg. Grey-faced Petrels, Pterodroma 
macroptera, Johnstone and Niven 1989). 
Information on the sex ratios of Sooty Shearwater fledglings and adults will be 
important for the long-term study in assessing the overall status of small mainland and 
island breeding colonies. The aims of this chapter are to: 
(i) compare the size of fledglings and adults in order to determine whether different 
discriminant functions are needed for each group. 




3.2.1 Sexing and measuring adults 
During the 1992/93 breeding season, 21 adult Sooty Shearwaters were killed by 
predators at one of the Otago mainland colonies. Eight of these adults were collected 
while the carcasses were still relatively fresh. Twenty-two morphometric characters 
were recorded and the birds were then sexed by autopsy. 
56 
A pair of adult birds were captured while copulating on Green Island and the same 22 
morphometric characters were recorded for those birds. The male was assumed to be 
the bird on top during copulation. 
Birds were weighed using an electronic balance accurate to ±1 g. Some body 
measurements (marked with *) were measured with a ruler accurate to the nearest mm. 
The remaining body measurements (marked with t) were measured with vernier 
callipers accurate to ±0.lmm. The 22 morphometric characters recorded were (see 
Baldwin et al 1931): 
weight after freezing, total length with feathers *' length of tail *' extent of both 
wings with feathers *, length of closed wing *, length of exposed culmen t, 
height of bill at base t, width of bill at base t, width of bill at gape t, total 
length ofmandiblet, length of bill from posterior of nostril to tip t (Fig. 3.1), 
length of bill from gape t, greatest width of head t, interorbital width of head t, 
length of head from base of culmen t, length of head with bill t, length of 
tarsus (tarso-metatarsus) t, length of middle toe without claw t, length of 
middle toe and claw t, length of middle claw t, ~atest diameter (in the 
middle) of tarsus from front to back t, greatest diameter (in the middle) of 




Figure 3.1: Diagram showing the measurement of "length of bill from posterior of 
nostril to tip II.using vernier callipers. _ 
The sample of known sex adult Sooty Shearwaters was made up of five males and five 
females. This was too small to perform a discriminant function analysis. However, 
"cutpoints" were calculated between the means of some adult male and female Sooty 
Shearwater measurements. The cutpoint is the intersection point of the normal 
distributions of two samples (Fig. 3.2). 
Figure 3.2: illustrating the intersection of the normal distributions of two samples. 
This intersection is called the "cut-point" between the means of the two samples. 
C / 
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When standard deviations were different for the two samples, the cutpoint, x, was 
calculated by (van Franeker and ter Braak 1993). 
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x = (az2- CJ12)-1 * [µ1CJ22 - µ2CJ1 2 + CJ1CJ2 '1 { (µ1 -µ2)2 + (a12 - CJ22)*ln(a12Jaz2)}] 
equation 1 
where µi, µ2 = means of sample 1 and 2 
CJi, a 2 = standard deviations of sample 1 and 2 
When standard deviations were very similar for the two samples, the cutpoint, x, was 
calculated by: 
X = (µ1 + µz)/2 equation 2 
It is assumed that male petrels are larger than females (Warham 1990). This 
information suffices to assign sexes to the birds in the sample after calculation of the 
cutpoint. 
3.2.2 Sexing fledglings 
On 5 May 1993 a large beach wreck (71 birds collected) of Sooty Shearwaters was 
washed up on Dunedin beaches. These were assumed to be fledglings from the 
1992/93 breeding season as they had undeveloped gonads and soft bones (See Chapter 
4). The same morphometric characters recorded for adult Sooty Shearwaters (see 
above) were recorded for the beach-wreck fledglings. 
The sex of the fledglings was then determined by autopsy, but this was difficult as their 
gonads were not fully developed. In some birds, small black structures were found on 
top of both kidneys (Fig .. 3.3). These were confirmed to be testes using histological 
techniques (Fig. 3.4). 
For the remainder of the birds, no gonadal material was found so they were assumed to 
be females by default. Of the 54 fledglings which were successfully sexed, 32 were 








Figure 3.3: Photograph of autopsied male fledgling showing suspected testes, 
adrenal gland and kidneys [T = testis, AG= adrenal gland, K = kidney]. 
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Figure 3.4: Photomicrograph of a transverse section of the testis and adrenal gland 






Banding of Sooty Shearwater adults and chicks was carried out at the end of the 
1991/92 breeding season and during the 1992/93 breeding season to instigate a 
database of banded birds so that reproductive, and in particular, survival parameters can 
be measured in the long-term study. The colonies where birds were banded are 
described in Section 2.2, Chapter 2. From 23 March 1992 until 14 May 1992, a total 
of 35 adults and 75 chicks were banded at Taiaroa Head (Private) and Nuggets 1. 
During the 1992/93 breeding season, a total of 165 adults and 87 chicks were banded at 
Taiaroa Head (Private), Taiaroa Head (Reserve), Nuggets 1, Nuggets 3&4, Tuhawaiki 
Island and Green Island. Banding information has been lodged with Dr H. Moller, 
University of Otago and the New Zealand Banding Office, Wellington. 
Of the 200 adult Sooty Shearwater.s banded in the 1991/92 and 1992/93 breeding 
seasons, 79 were weighed (using a 1500g Pesola balance accurate to± 5g) and 
measured using vernier callipers and a ruler. The 12 morphometric characteristics 
recorded were: 
weight, length of tail, length of closed wing, length of exposed culmen, height 
of bill at base, width of bill at base, total length of mandible, length of bill from 
posterior of nostril to tip of bill, length of head with bill, length of tarsus ( tarso-
metatarsus ), length of middle toe and claw, length of middle claw. 
An attempt was made to sex these adults by using the "cutpoints" calculated from 
equation 1 for the known sex adults. A bird was assigned "male" if it was larger than 
the cutpoint for at least 80% of the measurements. A bird was assigned "female" if it 
was smaller than the cutpoint for at least 80% of the measurements. 
3.2.4 Statistics 
Summary data are presented as means (± SE). Comparison between means were made 
using Student's t-test. These analyses were performed using a Macintosh computer 
and Statview SE+ graphics (Abacus Concepts Inc., Berkeley, CA, 1987). 
For the 54 unknown sex fledgling Sooty Shearwaters, a discriminant analysis of the 
morphometric data was performed using Minitab (Minitab Inc., State College, PA, 
1991) and SPSS (SPSS Reference Guide, SPSS Inc., Chicago, Ill., 1990). Linear 
Discriminant Functions (LDF) to classify sex were formulated using the measurements 
of the 54 fledglings. 
., 
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Due to the small sample size of known sex fledgling Sooty Shearwaters, a Jackknife 
classification' for each group of variables was carried out to help overcome the bias 
caused by using the same group of birds, both to form the LDF and determine the 
percentage of correctly sexed birds. The procedure omitted the first observation from 
the data set, developed a classification function using the remaining observations, 
which was then used to classify the omitted observation. It then returned the first 
observation to the data set, omitted the second observation, and repeated the same 
process. This process was continued in the same manner for all observations in the 
data set enabling a compilation of the percentages of individuals correctly classified to 
be made. This classification is more likely to reflect a true rate of correct classification 
when sexing unknown-sex birds (B. Niven pers. comm.). 
In this chapter only jackknife classifications are given for the percentage of birds 
correctly classified. To determine the sex of individual Sooty Shearwaters, the LDF 
was calculated using a single variable or a combination of variables and then compared 
with a zero cut-off value, where: 
LDF = I,(coefficienti x variablei) + constant 
A discriminant score, D, was then calculated by subtracting the LDF for females from 
the LDF for males. Individual birds were classified as male if D > 0 or classified as 
female if D ~ 0. 
3.3. RESULTS 
3.3.1 Comparing adult and beach-wreck fledgling body sizes. 
The body measurements of adult and fledgling Sooty Shearwaters differed significantly 
in the means (unpaired two-tailed t-test, df = 62) with the exception of "length of 
middle claw" and "length of exposed culmen" (Table 3.1). Adults were heavier than 
fledglings and in all measurements, except for "length of middle claw", adults were 
larger than fledglings. The data for adults and fledglings was therefore analysed 





Table 3.1: Comparison of mean weights (g) and mean body measurements (mm) (± 
lSE) recorded for adult (preyed on and caught copulating) and fledgling (beach-wreck) 
Sooty Shearwaters. Ranges are given in square brackets and asterisks (*) mark 
significant differences i.e. p < 0.01. 
Character Adult,N=lO Fledgling, N=54 t-test, df=62 
Weight 788 (± 33) 447 (± 9) t = 13.84 
[691-1000] [330-650] p = 0.0001* 
Length of tarsus 59.6 (± 0.6) 57.5 (± 0.2) t= 3.84 
[57.1 - 62.4] [54.5 - 60.7] p = 0.0003* 
Length of middle toe and 63.0 (± 0.7) 60.8 (± 0.3) t= 2.59 
cJaw [58.9 - 65.5] [56.0 - 67 .8] p = 0.012* 
Length of middle claw 10.8 (± 0.2) 10.9 (± 0.1) t= -0.74 
[8.9 - 11.8] [9.5 - 12.0] p > 0.1 
Length of exposed 41.6 (± 0.8) · 41.8 (± 0.2) t= -0.34 
culmen [38.3 - 45.1] [38.7 - 47.1] p > 0.1 
Height of bill at base 14.8 (± 0.2) 12.8 (± 0.1) t= 9.76 
[13.5 - 15.7] [11.1 - 14.1] p = 0.0001* 
Width of bill at base 13.6 (± 0.2) 12.5 (± 0.1) t= 4.97 
[12.4 - 14.5] [11.3 - 14.0] p = 0.0001* 
Width of bill at gape 22.9 (± 0.6) 19.7 (± 0.1) t= 7.66 
[19.8 - 25.2] [15.7 - 22.2] p = 0.0001* 
Length of bill from post 35.3 (± 0.5) 33.8 (± 0.2) t= 2.92 
of nostril to tip [32.8 - 37.6] [30.9 - 38.0] p = 0.0048* 
Length of tail 90 (± 0.8) 83 (± 0.4) t = 6.51 
[85 - 94] [75 ~ 90] p = 0.0001* 
Length of closed wing 304 (± 2) 268 (± 1) t = 11.65 
[293 - 315] [250-290] p = 0.0001* 
3.3.2 Adult Sooty Shearwaters 
The mean measurements for "length of tarsus", "length of middle toe and claw", and 
"length of closed wing" differed significantly (unpaired two-tailed t-test; df = 8) 







Cutpoints were calculated so that birds with a measurement greater than the cutpoint 
were assumed to be male and those with a measurement less than the cutpoint were 
assumed to be female. Of the ten known-sex adults, the proportion that were correctly 
sexed using the cutpoints ranged from 70% to 90% and averaged 78% (Table 3.2) . 
Table 3.2: Comparison of mean weights (g) and mean body measurements (mm) of 
adult male and female Sooty Shearwaters (± 1SE). Ranges are given in square 
brackets and asterisks mark significant differences between sexes(*= p < 0.05; t-test, 
df=8). For cutpoints, t marks those calculated with equation 1 and § marks those 
calculated with equation 2. Calculating cutpoints was not useful for measurements 
(marked with dashes) that were too similar for males and females or where females had 
the larger value. 
Character Male,N=5 Female,N=5 t-test cutpoint %sexed 
df=8 correctly 
Weight 784 (± 55) 791 (± 44) p = 0.923 
[691-1000] [701-915] 
Length of tarsus 61.0 (± 0.5) 58.3 (± 0.6) p = 0.013* 59.6t 80% 
[59.0 - 62.4] [57.1 - 60.6] 
Length of middle 64.6 (± 0.3) 61.3 (± 0.9) p = 0.007* 63.4t 90% 
toe and claw [63.9 - 65.5] [58.9 - 64.2] 
Length of middle 10.7 (± 0.5) 10.8 (± 0.2) p = 0.854 
claw [8.9 - 11.8] [10.3 - 11.3] 
Length of exposed 42.5 (± 0.9) 40.6 (± 1.1) p = 0.228 4I.2t 70% 
culmen [39.3 - 45.1] [38.3 - 44.6] 
Height of bill at base 15.1 (± 0.3) 14.5 (± 0.3) p = 0.164 14.7t 70% 
[14.2 - 15.7] [13.5 - 15.2] 
Width of bill at base 13.5 (± 0.3) 13.7 (± 0.2) p = 0.596 
[12.4 - 14.4] [13.2 - 14.5] 
Width of bill at gape 22.8 (± 0.8) 23.0 (± 0.9) p = 0.863 
[20.7 - 24.6] [19.8 - 25.2] 
Length of bill from 35.6 (± 0.6) 34.9 (± 0.8) p = 0.538 35.3§ 70% 
post. of nostril to tip [33.4 - 36.4] [32.8 - 37.6] 
Length of tail 90 (± 0.7) 90 (± 1.6) p = 0.825 
[88- 92] [85 - 94] 
Length of closed 308 (± 3) 299 (± 2) p = 0.021* 304t 90% 




3.3.3 Fledgling Sooty Shearwaters 
Comparison of male and female fledgling morphometric data 
There was a significant difference in siz.e between male and female fledgling Sooty 
Shearwaters (unpaired two-tailed t-test, df=52) with males being larger for 14 of the 22 
measured characters (Table 3.3). However, the ranges of those characters overlapped 
considerably and individual birds could not be ascribed to sex by any one measurement 
alone with a high degree of confidence. Female fledglings averaged slightly longer tails 
(not statistically significant) than males. For all other measurements males were bigger 





Table 3.3: Comparison of mean weights (g) and mean body measurements (mm) for 
male and female fledgling Sooty Shearwaters (±1 SE). 
[* p < 0.05; t 0.05::;; p < 0.1; unpaired two-tailed t-test, elf= 52] 
Character Male,N=32 Female, N=22 t-test 
df=52 
Weight 464 (± 18) 435 (± 11) p = 0.22 
Length of tarsus 57.9 (± 0.29) 57.1 (± 0.29) p = 0.06t 
Length of middle toe without claw 51.6 (± 0.41) 50.6 (± 0.45) p = 0.12 
Length of middle toe with claw 61.4 (± 0.43) 59.9 (± 0.50) p = 0.03* 
Length of middle claw 10.9 (± 0.11) 10.9 (± 0.12) p = 0.64 
Diameter of tarsus from front to back 8.9 (± 0.09) 8.8 (± 0.06) p = 0.13 
Diameter of tarsus from side to side 3.2 (± 0.03) 3.2 (± 0.04) p =0.24 
Length of exposed culmen 42.5 (± 0.29) 40.9 (± 0.30) p = 0.0005* 
· Height of bill at base 13.1 (± 0.11) 12.6 (± 0.03) p = 0.003* 
Width of bill at base 12.6 (± 0.12) 12.5 (± 0.11) p = 0.45 
Width of bill at gape 20.0 (± 0.18) 19.6 (± 0.23) p = 0.16 
Total length of mandible 62.6 (± 0.49) 60.4 (± 0.41) p = 0.002* 
Length of bill from post of nostril to tip 34.3 (± 0.24) 33.2 (± 0.27) p = 0.003* 
Length of bill from gape 63.6 (± 0.50) 61.6 (± 0.39) p = 0.005* 
Greatest width of head 29.9 (± 0.23} 29.1 (± 0.24) p = 0.02* 
Length of head to base of culmen 53.2 (± 0.66) 52.2 (± 0.27) p = 0.23 
Length of head with bill 95.0 (± 0.44) 91.9 (± 0.41) p = 0.0001* 
Interorbital width of head 22.2 (± 0.24) 21.3 (± 0.28) p = 0.017* 
Total length with feathers 429 (± 5) 429 (± 2) p = 0.10 
Length of tail 83 (± 0.6) 84 (± 0.7) p = 0.54 
Extent of both wings with feathers 951 (± 7) 943 (± 5) p = 0.39 




Discriminant function analysis for fledgling male and female Sooty Shearwaters 
Discriminant function analysis was performed on 21 measurements of fledgling Sooty 
Shearwaters. "Width of bill at base" was excluded as the base of the bill was soft and 
could be compressed by the callipers making it difficult to accurately measure. 
(i) The single characteristic which was most successful in allocating sex to individual 
birds was "length of head with bill". The sex of fledglings was predicted from the 
following classification formula using only "length of head with bill": 
D = -55.653 + (0.596*L H) 
where Dis the discriminant score and LH is the "length of head with bill". If the score 
was positive, the fledgling was a male and if it was negative, a female. This formula 
provided little discrimination for classifying the known sex sample using cross-
validation with only 76% of the individuals classified correctly. Of the 32 males, 23 
(72%) were classified correctly and of the 22 females, 18 (82%) were classified 
correctly. 
Other single characteristic LDF's provided overall classification rates less than 70%. 
(ii) A discriminant function analysis was performed on the 11 characters collectively 
which had a significant difference between males and females (p < 0.1). This produced 
a formula that classified only 69% of the individual birds correctly for sex. 
(iii) By performing a discriminant function analysis using stepwise variable selection, 
variables were selected in order of how well they described the variation between the 
measurements of males and females. Nine of the 20 characters were selected in order 
of decreasing importance: 
length of head with bill (LH), extent of both wings with feathers (WS), length 
of closed wing (CW), length of head to base of bill (HB), length of bill from 
posterior of nostril to tip (NT), length of middle toe without claw (LT), height 
of bill at base (BB), greatest diameter of tarsus from front to back (TW), length 
oftail (TL). 
This analysis produced the following classification formula: 
D = -110.375 + (2.0903*LH) - (0.203872*WS) + (0.537784*CW) 
- (0.823554*HB) - (1.47515*NT) + (0. 79623*LT) 
+ (1.26191 *BB) + (1.79574*TW) - (0.180026*TL) 
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This formula correctly classified 25 of the 32 males (78%) and 19 of the 22 females 
(86%) i.e. 81.5% of individuals were classified correctly. 
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(iv) It would be relatively difficult to measure the "extent of both wings with 
feathers" (WS) and "greatest diameter of tarsus from front to back" (TW) on a live bird. 
Therefore, a discriminant function analysis on the remaining seven characters gave the 
formula: 
D = -56.57 + (0.74*LH) + (0.02*CW) - (0.19*HB) - (0.3*NT) + 
(0.16*LT) + (0.88*BB) - (0.19*TL) 
This formula correctly classified 24 of the 32 males (75%) and 19 of the 22 females 
(86%) Le. 80% of the individuals were classified correctly. 
(v) A discriminant function analysis on just the first three characters of the nine that 
were ranked produced the following formula which correctly classified 83% of 
individuals (81 % of males and 86% of females): 
D = -63.808 + (0.964*LH) - (0.087*WS) + (0.212*CW) 
3.3.4 Allocating sex to banded adults of unknow1_1, sex 
By using the five cutpoints for adult measurements calculated from equation 1 (see 
Table 3.2), sex was allocated to the sample of measured banded adults of unknown sex 
(N=79). An individual was only assigned male or female if it was allocated that sex for 
at least four of the five measurements. Of the 79 banded adults, 13 were assigned 
"male", 26 assigned "female" and 40 were undefined. 
. ) 
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3.4. DISCUSSION & CONCLUSIONS 
3.4.1 Comparing adult and beach-wreck fledgling body sizes 
The fledgling Sooty Shearwaters which were beach-wrecked on Dunedin beaches on 5 
May 1993 were significantly lighter and smaller than adult Sooty Shearwaters preyed 
on during the 1992/93 breeding season. The fledglings, at the time they died, may 
have still been growing. However, the beach-wreck fledglings may not have been a 
representative sample in terms of weight and size of birds that fledge from colonies. 
The beach-wreck fledglings had little body fat and so may have had a lack of food 
during the breeding season and therefore abnormal growth patterns. The 1992/93 
season was poor for muttonbirding (i.e. harvesting of chicks) in southern New Zealand 
in terms of chicks being small and undersized (Margaret Bragg and Nash Norton, pers. 
comm). 
3.4.2 Adult Sooty Shearwaters 
Due to the small sample size of known sex adult Sooty Shearwaters, no reliable method 
for sexing adult birds could be formulated in this study. However, there were 
significant differences in the size of some measurements between adult male and female 
Sooty Shearwaters. Males were significantly larger than females for "length of tarsus", 
"length of middle toe and claw" and "length of closed wing". 
Cutpoints were calculated to separate males and females for seven of the measured 
characters. However, as the ranges for measurements overlapped considerably, 
individuals could not be ascribed to sex using cutpoints with any high degree of 
confidence. 
With a larger sample size of known sex adult Sooty Shearwaters, it may be possible to 
perform discriminant function analysis and produce formulae using several characters 
which would be more accurate in predicting the sex of newly found birds. 
3.4.3 Fledgling Sooty Shearwaters 
Of the fledgling beach-wreck Sooty Shearwaters, the males were significantly larger 
than females. This beach-wreck sample may not be representative of the birds fledging 
from colonies as they may be the small, underfed and poorly grown individuals. 
However, the relative difference in size of males and females may still be relevant to 
fledglings in general. 
;j 
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As the difference between measurements of male and female fledglings was slight and 
there was considerable overlap in the range of measurements between males and 
females, discriminant function analysis was used to attempt to formulate functions 
which would accurately assign sex to unknown sex individuals. However, none of the 
formulas produced could classify more than 90% of individuals correctly. 
The beach-wreck fledglings used in this study may have been exceptionally small 
individuals for fledglings in general due to a food shortage season, for example. As 
males are the larger sex, poor growth leading to exceptionally small males would 
influence the discriminant function analysis i.e. there may be a poorer discrimination 
between the sexes using individuals from a poor growth year due to small male sizes. 
Other seabird studies which have used discriminant function analysis of morphometric 
characters to sex individuals have had higher rates of success (Scolaro et al 1983, 
Johnstone and Niven 1989). However, these studies were of adult birds only and no 
study attempted to develop a method of sexing the fledglings of a species using 
morphometric characters. For example, Johnstone and Niven (1989) developed a 
formula using discriminant function analysis on weight and "bill depth" (height of bill 
at base) for Grey-faced Petrels. The formula correctly classified 93% of the males (N = 
56) and 91 % of the females (N = 42) but these proportions were not adjusted using 
'jack-knife' classification as was done in this study. Weights of birds were also taken 
-straight after laying and at the start of incubation so the discriminant function may not 
have been appropriate to use at other stages of the breeding cycle (Johnstone and Niven 
1989). 
The functions developed for Sooty Shearwater fledglings from the discriminant 
function analysis tended to correctly allocate females better than males. This may be 
linked to the poorer growth of the underfed birds so that small, underfed beach-wreck 
females will still be sexed correctly (being in the smaller morph) but small males would 
incorrectly be assigned "female". 
For Sooty Shearwater fledglings, the morphometric formula with the highest rate of 
success for allocating sex to individuals was formula (v) using "length of head with 
bill", "extent of both wings with feathers", and "length of closed wing". However, 
this only classified 83% of individuals correctly. Considering that the probability of 
correctly allocating sex to individuals by chance is 50%, an 83% rate of correct 
classification is not highly successful. 
... 
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Including more variables in the analysis (eg formula iii) produced a formula which 
classified less individuals correctly. This may have been a result of the 'jack-knife' 
classification. 
Using all three of the most successful formulae (iii, iv, v, in Section 3.3.2) to assign 
sex to individual birds would provide greater accuracy. If the same individual was 
assigned the same sex for all three formulas, the degree of confidence would be 
increased for this method of morphometric sexing. 
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It is therefore recommended that nine variables be recorded to help determine the sex of 
Sooty Shearwaters, These are length of head with bill, extent of both wings with 
feathers, length of closed wing, length of head to base of bill, length of bill from 
posterior of nostril to tip, length of middle toe without claw, height of bill at base, 
greatest diameter of tarsus from front to back, length of tail. 
The beach-wreck birds which were used in this analysis were most likely fledglings 
from the 1992/93 breeding season which had probably fledged from colonies around 
southern New Zealand within about a week of being found dead on beaches (Chapter 
4). Therefore, the morphometric methods presented for those birds may be useful in 
allocating sex to live Sooty Shearwaters that are banded just prior to fledging so long as 
the birds (particularly males) used in this study were not small birds at the bottom of the 
size range which die off early. The formula may also be useful to allocate sex, using 
these morphometric methods, to chicks which are harvested as muttonbirds from 
offshore island colonies around southern New Zealand. 
3.4.4. Allocating sex to banded adults of unknown sex 
Using cutpoints to allocate sex to banded adults of unknown sex was relatively 
unsuccessful with less than half of the birds being able to be classified. Only extremely 
large adult males and extremely small adult females could be sexed using this method 
with any degree of confidence. However, accurate morphometric sexing of adult birds 
may still be possible if a discriminant function analysis could be performed on a large 
sample size of known sex adult Sooty Shearwaters. 
3.4.5 General conclusions 
To follow the reproductive and, in particular the survival parameters for Sooty 
Shearwaters in the long-term study, large numbers of birds need to be banded and 
individuals need to be accurately sexed. This information is important in determining 




which may lead to differential survival. For the long-term study, information is also 
needed on the age of first breeding for each sex, and whether breeding adults miss 
reproducing in some years, for example. 
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From this study, it is evident that there are slight morphometric differences between 
males and females of both adult and fledgling Sooty Shearwaters. Discriminant 
function analysis is a useful technique in developing formulae on morphometric 
variables which separate males and females with a high degree of confidence. Sample 
sizes now need to be enlarged so that a discriminant function analysis can be performed 
on the measurements of known sex adult Sooty Shearwaters. 
Measurements of healthy fledglings (i.e. not beach-wrecked) are now needed to factor 
out the various potential problems discussed in this chapter with using beach-wreck 
individuals to develop a general method for sexing all fledglings. This should be a high 
priority for the continued study so that a more reliable sex discriminant function can be 
identified. 
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Chapter 4: Potential threats to the productivity of mainland 





The Sooty Shearwater or ti.ti (Puffinus griseus) is probably the most abundant of New 
Zealand seabirds in terms of numbers and biomass (Warham and Wilson 1982). There 
is no concern for the overall population of Sooty Shearwaters on offshore islands eg. 
Snares Island population is estimated at 2 750 000 breeding pairs (Warham and Wilson 
1982, Warham 1990). However, some breeding colonies that once existed on many 
headlands of the North and South Island have disappeared (Jackson 1957). 
-· 
Information on the status of remaining mainland colonies is fragmented (Chapter 1) as 
baseline measures for colonies are limited and survey methodologies fairly inaccurate 
(Chapter 2). However, mainland colonies may be detrimentally affected by both land-
based threats and threats at sea. Sooty Shearwater breeding colonies also exist on a 
number of near-shore islets near the coast of the southern South Island (Chapter 1). 
Near-shore islets, which are an important but often ignored conservation resource, may 
encounter similar detrimental conditions as mainland environments. 
Maintaining near-shore islet and mainland colonies, which are so much more accessible 
than those found on offshore islands, is important for aesthetic and biological reasons. 
The potential for tourism of mainland and near-shore islet colonies also exists as well as 
the reinstigation of harvesting by Maori of Sooty Shearwater chicks (muttonbirding) at 
some of these colonies. 
Muttonbirding by southern Maori is currently legal only during a restricted season on 
some off-shore islands around Stewart Island. Muttonbirding is important to the Maori 
people as a food resource and as an integral part of their culture. Mainland colonies 
could also potentially be sustainably harvested in the future if information can be gained 
on their status and if factors threatening their existence are identified and controlled. 
Petrels were possibly widespread on the mainland in early Maori times (Worthy and 
Holdaway 1993) so there may have been human impacts on colonies in earlier 
centuries. 
Detailed information on both mainland and near-shore islet colonies is scarce and before 
conservation effort can be directed towards protecting colonies, trends in the size of 
colonies need to be confirmed and any threats to their long-term persistence identified. 
Warham (1990) describes the breeding season for Sooty Shearwaters which begins in 
late September/early October when adults return to breeding colonies for courtship and 
burrow preparation. Burrows can be up to three metres long and end in an enlarged 
r-
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nesting chamber. Egg-laying occurs between late November and early December and 
hatching between late January and early February. Fledging is from around 20 April 
until mid-late May and chicks come to the surface after dark for a few days before 
leaving. 
Failure of mainland colonies of Sooty Shearwaters may be primarily attributable to 
predation from introduced small mammals. Petrels are vulnerable to predation from 
rats (Rattus exulans, R. norvegicus, R. rattus), feral cats (Felis catus) (Imber 1975, 
1976), stoats (Mustela erminea) (Moors and Atkinson 1984) and ferrets (M.furo) 
(Robertson 1976). 
Kiore (R.exulans) arrived in New 2:ealand about 1000 years ago. All other introduced 
predators arrived in New 2:ealand from about 100 years ago (stoats, ferrets, ship rats 
R. rattus) to a maximum of about 200 years (Norway rats R. norvegicus) (Wodzicki 
1950). Small mainland colonies of Sooty Shearwaters could be the remaining tail end 
of a series of extinctions attributable to predator introductions as declines may be slow 
and difficult to detect for such long-lived and slow reproducing seabirds. 
Other potential threats to mainland and near-shore islet colonies include competition 
with other burrow-nesting seabirds, habitat alteration leading to increased burrow 
collapse, and the illegal harvesting of chicks. 
Once birds leave the breeding colonies, either to feed or to begin migrating, they are 
susceptible to threats at sea which include storms (Stonehouse 1964), drift nets (Ogi 
1984, Bradley et al 1991), and fluctuations in food abundance .. Fledglings must learn 
to fly and feed themselves before they exhaust their body fat reserves. Fledging weight 
is important for chick survival when they begin migrating and chicks under 455 g at 
fledging are not likely to survive the trans-equatorial migration (Richdale 1963). 
Both adult and fledgling Sooty Shearwaters are likely to be susceptible to severe storms 
during their migration. A large number of dead birds washing up on beaches after a 
period of exceptionally severe mortality at sea is called a "wreck". Large wrecks of 
Sooty Shearwaters have been recorded periodically around New 2:ealand (Jackson 
1957, Stonehouse 1964, Veitch 1976, Crockett 1977, Veitch 1978, 1980a, 1980b, 
Powlesland and Imber 1988) as well as on the coasts of Japan (Oka and Maruyama 
1986). These are usually attributed to a combination of poor body condition due to 
food failures and bad weather. 
·'1 
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As Sooty Shearwaters are quite low in the food-chain and target short-lived prey items 
(eg. Munida. gregaria andNyctipha.nes australis), they may be susceptible to 
perturbations in the marine environment (eg. climate changes) which cause fluctuations 
in the abundance of such food items. Monitoring reproductive parameters of Sooty 
Shearwaters may be useful as indicators of food availability and thus of the state of 
marine environments. Food failures are important to study and predict as they also may 
influence endangered species (eg. Yellow-eyed Penguins, Megadyptes antipodes). 
As mainland colonies are small (Chapter 1 and 2), they are likely to be vulnerable to 
threats. Land-based threats and threats at sea could harm reproduction, the recruitment 
of young, and/or the survival of different age classes. Measures of productivity 
fluctuations and fluctuations in the survival of chicks, pre-breeders and adult Sooty 
Shearwaters are needed. Accurate measure of reproductive and survival parameters are 
also essential for accurate predictions of populations survival using mathematical 
modelling (Chapter 5). 
The aims of the research described in this chapter were to: 
( i) Identify and describe threats at sea which could affect the productivity of breeding 
-colonies 
(ii) Identify and describe threats to adult Sooty Shearwaters and their productivity 
during the breeding season in Otago 
(iii) Determine the productivity at Otago Sooty Shearwater breeding colonies for the 
1992/93 season 
4.2 STUDY SITES 




Summary of terms 
A number of different terms were used in this study to describe birds of different age 
and status, burrow occupancy categories, and mortality categories and these are defined 
below. 
Age and status of birds: 
As for Section 2.3.1, Chapter 2. 
Burrow status: 
As for Section 2.3.1, Chapter 2. 
Mortality categories: 
"presumed dead" = chicks confirmed to be in a burrow at the start of the season and 
who ceased to peck a stick at least two weeks before the 
beginning of fledging but where no carcass was recovered 
"confirmed dead" = chicks whose carcasses were recovered 
"too decayed" = carcasses too decayed to ascertain cause of death 
"collapsed burrows"= chick carcasses found in a collapsed burrow and covered with 
dirt or sand 
"unknown cause of death" = chick carcasses which had no outward sign of cause of 
death 
"preyed upon" = carcasses with sign of predator-inflicted neck and/or head 
wounds 
"fledging success" = number of chicks assumed fledged as a proportion of the 
number of chicks confirmed hatched 
"breeding success" (range)= number of chicks assumed fledged as a proportion of the 




Morphometric analysis of Sooty Shearwaters beach-Wrecked in .. May 
1993 
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On the 5 May 1993 a large wreck of Sooty Shearwaters was washed up on Dunedin 
beaches (St Kilda, St Clair, Tomahawk, Smaills) with a total of 85 birds counted. 
Seventy-one birds were collected from St Kilda and St Clair and 54 of these were -
successfully autopsied to determine their sex. Stomach contents were briefly ~xamined 
and morphometric characters recorded. 
Chicks were banded (see Chapter 3) and measured at Otago mainland colonies when 
they came to the surface at the end of the 1991/92 breeding season (late April until mid-
May). 
Beach-wrecked birds were weighed using an electronic balance and live banded chicks 
were weighed using a 1500 g Pesola balance. Body measurements marked with * were 
measured with a ruler to the nearest mm. Body measurements marked with t were 
measured with vernier callipers accurate to ±o.1 mm. The morphometric characters 
recorded were (see Baldwin et al 1931): 
weight, length of tarsus (tarso-metatarsus) *, length of middle toe and claw t, 
length of middle claw t, height of bill at base t, width of bill at base t, length 
of bill from posterior of nostril to tip t (Fig. 3.1, Chapter 3), length of closed 
wing *, length of tail *. 
Colony characteristics and burrow occupancy 
The Sooty Shearwater breeding colonies studied were described under the following 
categories: 
Vegetation: 
Dominant vegetation type in the vicinity of the Sooty Shearwater 
colony. 
Distance offshore: 






Presence or absence of known seabird predators (cats, mustelids) 
Present = predators known to be active in an area via sightings or 
trapping, and/or evidence of predation 
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Absent = predators known not to be active, not seen, or no evidence of 
predation 
Vulnerable = islands which may be vulnerable to invasion from 
predators as they are <1 km from the mainland (Taylor 1984, 
Taylor and Tilley 1984)) 
Trapping effort: 
H = high; year-round permanent predator trapping on a regular basis 
M = medium; trapping during associated Yellow-eyed Penguin 
(Megadyptes antipodes) breeding season 
L = low; sporadic trapping 
nil = no trapping 
Vulnerability to predation: 
The vulnerability of colonies to predation was estimated qualitatively as 
"high" or "low" from the amount of trapping effort and whether the 
locality was thought to be inhabited by predators. 
All burrows were counted at each colony and individual burrows were marked at all 
colonies except for Tunnel Rocks (information lodged with Dr H. Moller, University of 
Otago). Burrows that-were identified as having two entrances were counted as one 
burrow. For the larger colonies, Taiaroa Head (Private) and Tuhawaiki Island, all 
burrows in a section of the colony were marked and monitored as well as a number of 
burrows (23 and 10 respectively) that were known to contain a chick elsewhere in the 
colony. 
Marked burrows were checked once a week at Nuggets 1, 3&4, 5 and Taiaroa Head 
(Private), and once a month at Tuhawaiki Island and Taiaroa Head (Reserve) from 
November 1992 until mid-May 1993. Burrow occupancy was determined by a range of 
methods (see Chapter 2). The rate of burrow occupancy (%) was determined as the 
maximum and minimum number of "occupied" burrows as a proportion of the "marked 






For colonies that were infrequently visited (Nuggets 2, Bushy Beach, Shag Point, 
Sandymount, Tunnel Rocks), burrow occupancy was roughly estimated from the proportion 
of burrows which smelled of Sooty Shearwaters. 
The burrow occupancy rate (%) was compared for colonies with high vulnerability to 
predation and those with low vulnerability to predation using a one-factor ANOV A and 
transforming the data using sin-l--J(x/100) where x =%occupancy. 
Mortality at colonies 
Observation "hatches" (see Chapter 2) were established over the nesting chamber of 20 
burrows at Taiaroa Head (Private) to directly observe chick survival. These 
observation "hatches" consisted of a hole (diameter= 15 cm) above the nesting 
chamber, covered with a wooden slab (see Chapter 2). The "burrowscope" (see 
Chapter 2) was also useful in following chick survival at some burrows without 
observation "hatches". 
Carcasses of both adult and chicks were often found at or near a burrow entrance. At 
all colonies, any observed mortality (adult or chick) and likely cause of death was 
recorded. Any fresh carcasses were collected and autopsied to examine their gonads. 
This was to determine the reproductive maturity and sex of the dead birds. 
The causes of mortality were determined from circumstantial evidence (see Swnmary of 
terms). 
Fledging success 
Chicks were classed as "fledged" if they were alive after 20 April (beginning of fledging) 
and where no sign of predation near the burrow entrance was found after that date. Fledging 
success (i.e. number of fledglings as a proportion of chicks hatched) was estimated at 
Nuggets 1, 3&4, Taiaroa Head (Reserve & Private), and Tuhawaiki Island by the number of 
chicks alive after 20 April 1993 as a proportion of burrow occupancy in the early chick stage 
(February). Some colonies (Taiaroa Head; Nuggets 1, 3&4; Sandymount; Bushy Beach 
Reserve) were visited at night during the fledging period to band chicks which came to the 
surface. 
The fledgling success (%) was compared for colonies with high vulnerability to predation 
and those with low vulnerability to predation using a one-factor ANOVA and transforming 
the data using sin-l--J(x/100) where x =%fledging success. 
'( 
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Estimates for total productivity of colonies 
An estimation for the minimum and maximum number of occupied burrows at each 
colony was calculated be applying the minimum and maximum occupancy rates 
(calculated as proportion of marked burrows) to the total number of burrows at that 
colony. The minimum breeding success rate was calculated as the number of fledglings· 
from a colony as a proportion of the minimum estimate of occupied burrows and the 
maximum breeding success rate was calculated as the number of fledglings as a 
proportion of the maximum estimate of occupied burrows (not including extra burrows 
marked at Taiaroa Head (Private) and Tuhawaiki Island). The estimate for the 
minimum and maximum number of chicks fledged was calculated from the minimum 







4.4.1 Threats to Sooty Shearwaters at sea 
Storms and starvation 
Eighty-five Sooty Shearwaters washed up dead on Dunedin beaches on 5 May 1993. They 
were deduced to be fledglings from the 1992f.}3 breeding season due to the timing of 
mi~ation for fledglings and their undeveloped gonads. They also had soft, easily cut bones 
compared with adult bones which are stronger (J. Darby pers. comm.). Most were picked 
up waterlogged and freshly dead at the high water mark. Two birds showed some sign of 
life but died soon after collection. 
Of 54 beach-wreck fledglings that were autopsied, 32 (59%) were male and 22 (41 %) 
female. This sex ratio did not differ significantly from an equal sex ratio (x2 test, df=l, 
p=0.17). All of the stomachs examined had contents of negligible weight ( <1 g) with 19% 
being completely empty. Small amounts of crustacean remains, fish otoliths, cephalopod 
beaks, seaweed, black fluid and plastics were found in the remaining stomachs. All the 
fledgling birds were thin with little subcutaneous fat. 
The body measurements of 74 banded chicks from 1991/92 (see Section 3.2.3, Chapter 3) 
and the 54 fledgling (beach-wreck) Sooty Shearwaters differed significantly in the means 
(unpaired two-tailed t-test) with the exception of "length of middle claw" and "length of bill 
from posterior of nostril" (Table 4.1). Banded chicks were twice as heavy as the beach-







Table 4.1: Comparison of mean weights (nearest 5 g) and mean body measurements 
(mm)(± 1SE) for banded chicks from the 1991/92 breeding season and fledgling 
(beach-wreck) Sooty Shearwaters. Asterisks indicate significant results (p<0.05, 
unpaired two-tailed t-test, df = 126). Length and width measurements are in mm. 
Measurement Beach wreck Banded chicks t-test 
fledgling 1991/92 
(N=54) (N=74) 
Weight 450 (± 9) 905 (± 23) p = 0.0001* 
Length of tarsus 57.5 (± 0.2) 60.2 (± 0.2) p = 0.0001* 
Length of middle toe with claw 60.8 (± 0.3) 62.3 (± 0.3) p = 0.001* 
Length of middle claw 10.9 (± 0.1) 11.0 (± 0.07) p = 0.209 
Height of bill at base 12.8 (± 0.1) 13.1 (± 0.1) p = 0.024* 
Width of bill at base 12.5 (± 0.1) 12.1 (± 0.1) p = 0.0001* 
Length of bill from posterior 33.8 (± 0.2) 34.2 (± 0.2) p = 0.075 
of nostril to tip 
Length of tail 83.2 (± 0.4) 88 (± 0.6) p = 0.0001* 
Length of closed wing 268 (± 1) 296 (± 1.4) p = 0.0001* 
Other possible threats at sea 
Other factors affecting the survival of Sooty Shearwaters at sea may include drift-nets 
and the consumption of floating plastics. One of the Sooty Shearwaters banded as an 
adult at Taiaroa Head (Private) in March 1993 was caught in a fishing net off the 
northwestern coast of North America (near Vancouver) later in 1993. 
Two of the 54 fledglings autopsied in this study contained a small amount of plastic in 
their stomachs. One of the stomachs contained a small piece of plastic bag and the 
other contained a small piece of polystyrene. 
) 
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4.4.2 Threats on land. 
Adult Sooty Shearwater predation 
Adult mortality from predation by introduced predators (probably cats or mustelids) was 
recorded at Shag Point and Nuggets 5. 
At Shag Point, two adult carcasses were found in the entrances of two out of the 11 burrows 
but were too decayed to identify cause of death. There appeared to be little other activity at 
this colony during the breeding season (i.e. barricades in burrow entrances were not 
disturbed) and so adult mortality may have been 100%. Otherwise the surviving adults may 
have stopped returning to the colony. 
At Nuggets 5, adult mortality was observed between 7 November 1992 (date colony was 
first visited) and 9 January 1993. During this period, 12 of the 60 total number of burrows 
had one dead adult removed from the burrow entrance, two burrows had two dead adults 
removed from each of their entrances, and one burrow had three dead adults removed from 
its entrance. A further two dead adults were found in the open and not in a burrow entrance. 
Therefore, a total of 21 dead adults were found at Nuggets 5. Ten of the 21 dead adults 
were fresh enough to be autopsied. Five were male and five were female and all had well 
developed gonads. 
All adult mortality at Nuggets 5 was attributed to predation from cats or mustelids. Most 
adults were found half way in the burrow entrance with a head and/or neck wound. 
On 17 November 1992, a dead adult was extracted from the entrance of a burrow and an 
adult ferret was briefly observed inside the burrow before it moved further down the tunnel. 
On 29 November 1992, a lactating female ferret was kill-trapped (by D. Karena-Holmes) 
within 20 m of the burrow, and 5 days later a dead baby ferret was found in the same 
burrow entrance indicating that the burrow had become the ferret's den. 
Besides Nuggets 1 and Shag Point, there was no sign of adult mortality from predation or 
from any other cause at any of the other study colonies during 1992/93. However,·most 
colonies were not as frequently visited as Nugget Point so adult remains may have been 














Minimum chick predation rates (number of chicks preyed upon as a proportion of number of 
all chicks) at Nuggets 1 and 3&4 ranged from 41 - 43% (Table 4.2). Chick prec4ltion 
occurred at Nuggets 1 between 22 February and 30 April 1993 and at Nuggets 3&4 between 
9 April and probably about the 15 May 1993 (Nuggets 3&4 was not visited between the 
1 May and 21 May 1993 but a decayed dead chick was found on the 21 May). One dead 
chick was also found at Nuggets 2 but the cause of death was unknown. 
In contrast, the colonies at Taiaroa Head (Reserve & Private) and Tuhawaiki Island had no 
chick mortality attributable to predation (Table 4.2). 
There was no sign of chick mortality at any of the other study colonies, although not all 
colonies were visited throughout the breeding season. 
Large numbers of fleas where observed in some burrows especially at Taiaroa Head 
(Private). 
Table 4.2: Causes of chick mortality at Otago breeding colonies in 1992/93. 
Figures in parentheses are given as a percentage of the total number of chicks produced at 
intensively studied colonies. 
Causes of chick mortality 
COLONY Total no. 
of chicks Preyed Collapsed Too Unknown Total chicks 
upon burrows ch:ayed cause of confirmed 
death <ml 
Nuggets 1 28 12 (43%) 0 3 (11%) 3 (11%) 18 (64%) 
Nuggets 3&4 22 9 (41%) 0 0 1 (5%) 10(45%) 
Taiaroa Head (Private) 58 0 2(3%) 1 (2%) 1 (2%) 4(7%) 
Taiaroa Head (Reserve) 11 0 0 0 0 0(0%) 
Tuhawaiki Island 29 0 0 1 (3%) 1 (3%) 2(7%) 
" ' 
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Competition/or bwrows with Blue Penguins (Eudyptula minor) 
At Green Island, Moturata Island and Taiaroa Head (Reserve), there may be some 
competition for space between Blue Penguins and Sooty Shearwaters. 
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On Green Island, one burrow contained an adult Blue Penguin on the 19 October 1992 and 
an adult Sooty Shearwater on the 20 October 1992. Another burrow, on the 20 October 
1992, contained both an adult Sooty Shearwater and an egg (dimensions= 56.4mm x 
43.4mm). The mean egg size for Sooty Shearwaters is 77.4 mm [range 72-78] x 48.26 mm 
[44-52] (Richdale 1944) and for Blue Penguins, the mean egg size 56.1 mm [53.2-59.6] x 
42.3 mm [40.0-44.5] (Marchant & Higgins 1990). The egg in the Sooty Shearwater burrow 
was a Blue Penguin egg. 
In February on Green Island, one interaction was observed at night between a Blue Penguin 
and a Sooty Shearwater. The Sooty Shearwater was calling inside a burrow and the Blue 
Penguin entered the burrow and evicted it 
At Taiaroa Head (Reserve), a burrow with two nesting chambers was observed to have a 
Sooty Shearwater in one chamber and a Blue Penguin nest in the other (L. Perriman pers. 
comm.). 
Habitat alteration (burrow collapse, erosion, habitat depletion) 
The four colonies where burrow collapse was of concern were Tuhawaiki Island, Nuggets 
2, Taiaroa Head (Private), and Moturata Island. At Tuhawaiki Island and Nuggets 2, the 
odd burrow was collapsed by observers during burrow inspection for this study. 
At Tuhawaiki Island, there has been a change in vegetation within the past 10 years (C. Lalas 
pers. comm.). The northern slope of the island was mainly covered by rank grass in the 
1980s but is now covered by a dence thicket of poroporo (Solanum laciniatum) and Hebe 
elliptica. It was observed that burrow numbers in that particular area were less dense than 
they had been in the past (C. Lalas pers. comm.). 
At least 27 burrows collapsed during the breeding season at the Taiaroa Head (Private) 
colony either due to human trampling (both from study observers and tourists) and/or stock 
trampling (sheep). Two chicks from the study area at Taiaroa Head (Private) possibly died 
from their burrows collapsing (Table 4.2). Because of the sand dune environment, this 
colony appeared to have a very dynamic structure with burrows collapsing but many new 
ones being formed both at the beginning of the season and during the breeding season. 
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There also appeared to be a large proportion of rabbits ( Orycotolagus cuniculus) at Taiaroa 
Head which may be denuding the landscape of vegetation and increasing the risk of burrow 
collapse as well as increasing the number of holes in the ground (Chapter 2). 
At Moturata Island burrow collapse by researchers was such a problem, both destroying the 
habitat and impeding study, that the research was terminated after February, 1993. During 
two day-time visits to the island, 15 burrows were collapsed. However, only one of these 
was occupied and contained a Sooty Shearwater chick which was unharmed. Parts of the 
island are bare of vegetation and erosion is a problem. 
One of the colonies at Nugget Point (3&4) bordered onto a New Zealand Fur Seal 
(Arctocephalus forsteri) haul-out area. Towards the end of the Sooty Shearwater breeding 
season, young Fur Seiµs were moving up the hill and into the Sooty Shearwater colony and 
flattening the rank exotic grasses surrounding some of the lower burrows although this did 
not appear to be an immediate problem. 
4.4.3 Productivity at colonies 
Burrow occupancy 
a) Site descriptions and occupancy estimates for colonies 
The studied breeding colonies of Sooty Shearwaters in Otago existed in a range of vegetation 
habitats from rank exotic grasses (Nuggets 1,3&4, Tuhawaiki Island) to native forest 
(Nuggets 5, Bushy Beach) (Table 4.3). All three island colonies were relatively close to the 
mainland with Green Island being the furthest offshore (2 km). 
Mainland colonies were thought to be vulnerable to predators. Predators were thought to be 
absent from island colonies as no evidence of predators had been observed on the islands by 
the Department of Conservation staff in the recent past Stoats are able to swim 1100 to 
1300m (Taylor and Tilley 1984) and rats about 300 m (Taylor 1984). Therefore, Moturata 
Island (1 km offshore) and Tuhawaiki Island (0.5 km offshore) may be vulnerable to 
invasion from predators (Table 4.3). Moturata Island is also occasionally connected to the 
mainland by an exposed sandbar. 
At Taiaroa Head (Reserve), predation levels were low due to a long-term intensive predator 
trapping programme within the Nature Reserve to protect the Northern Royal Albatross 
(Diomedea epomophora sanfordi). Predator trapping began in the early 1950s and there has 





1968 (C. Robertson, pers. comm.). The long-term intensive predator trapping around the 
Nature Reserve may have also lowered predator numbers in the surrounding areas (eg. at 
Taiaroa Head (Private)). As ferrets trapped and released at Pipikaretu (about 3 km direct 
from Taiaroa Head) get killed at Taiaroa Head and cats also travel several kilometres there, 
trapping is very likely to affect predator numbers in the general area (H. Moller, pers. 
comm.). 
Therefore, of the intensively studied colonies, Nuggets 1 and Nuggets 3&4 had a high 
vulnerability to predation and Taiaroa Head (Reserve and Private) and Tuhawaiki Island had 
low vulnerability to predation (Table 4.3). 
The total number of burrows at mainland colonies ranged from 11 to 620+. The largest 
island colony (Tuhawaiki Island) had 105o+ burrows (Table 4.3). 
Sixty burrows were recorded at Nuggets 5 but the presence of an egg was confirmed in only 
one of these burrows. High adult mortality occurred at this colony early in the breeding 
season and negligible burrow activity (i.e. one or two burrows being entered between each 
visit) was observed after 9 January 1993. Therefore, burrow occupancy (i.e. proportion of 
attempted nests) was probably< 2% (1 out of 60). 
At the intensively studied colonies (Nuggets 1, 3&4, Taiaroa Head (Private), Taiaroa Head 
(Reserve), Tuhawaiki Island) minimum burrow occupancy estimates ranged from 25 - 52% 
and maximum burrow occupancy estimates ranged from 47 - 62% (Table 4.3). At colonies 
which were infrequently visited (Nuggets 2, Bushy Beach, Shag Point, Sandymount), 
rough burrow occupancy estimates (from burrow smell) ranged from O - 59%. 
The minimum and maximum occupancy rates (% occupancy, Table 4.3) were compared for 
the intensively studied colonies with high vulnerability to predation (Nuggets 1,3&4) and 
colonies with low vulnerability predation (Taiaroa Head (Reserve and Private) and 
Tuhawaiki Island). The mean minimum occupancy rate for colonies with high vulnerability 
to predation (33%, SD=l 1.3, N=2) was not significantly different from the mean minimum 
occupancy rate for colonies with low vulnerability to predation (46%, SD=7.2, N=3) 
(p>0.1; one-factor ANOVA). The mean maximum occupancy rate for colony with high 
levels of predation (54%, SD=9.9, N=2) was not significantly different from the mean 
maximum occupancy rate for colonies with low levels of predation (60%, SD=3.2, N=3) 
(p>0.1; one-factor ANOVA). 
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b) Problems with estimating occupancy at some colonies 
At Green Island and Moturata Island, estimating burrow occupancy was complicated by the 
interaction between Blue Penguins (Eudyptes minor) and Sooty Shearwaters and, at 
Moturata Island, by the extreme fragility of the soil causing burrow collapse. No accurate 
estimate for burrow occupancy was obtained for either colony (Table 4.3). 
Fifty burrows thought to be occupied by Sooty Shearwaters were marked on Green Island in 
mid-October 1992. These marked burrows encompassed the areas on the island known to 
be frequented by Sooty Shearwaters (C. Lalas pers. comm.). In practice, it was difficult to 
determine whether burrows were occupied by Blue Penguins or Sooty Shearwaters. A total 
of 18 adult Sooty Shearwaters were banded in mid-October 1992 and three more in early 
February 1993. Copulation was observed between a pair of adults (either pre-breeders or 
breeding birds) in the mid-October field-trip which could indicate that some breeding may 
have been attempted on the island. However, copulation attempts may occur in pre-breeding 
adults which do not produce viable eggs. Only one burrow was confirmed to contain a chick 
in early February. As Green Island was thoroughly searched but few burrows appeared to 
be occupied by Sooty Shearwaters, it is hypothesised that the number of nesting pairs and 
productivity of Sooty Shearwaters is low on Green Island. 
Determining burrow occupancy was also difficult on Moturata Island due to the fragility of 
the island surface and the interaction between Blue Penguins and Sooty Shearwater. Three 
chicks were found in burrows during February so some breeding is occurring on the island. 
Two groups of people sat out after dark on the island on 21 February 1992. Fifty-four birds 
were observed landing at the north end of the island and three at the south end but it is 
unknown whether these birds were pre-breeders or breeding birds. 
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Table 4.3: The 13 studied Sooty Shearwater colonies along the Otago coast. 
Descriptions of the colony site are presented (Refer to Methods 4.3 for more <let.ailed glossary of key terms). At intensively studied colonies, the range of burrow occupancy (%) 
is presented with minimum occupancy as the number of burrows containing eggs and/or chicks as a proportion of marked study burrows at the colony and maximum occupancy 
as the egg and/or chick burrows plus unknown status burrows as a proportion of marked study burrows. At the remaining colonies, burrow occupancy (%) is presented 
proportion of burrows that had the musky Sooty Shearwater smell. Question marks indicated no available data. 
% burrow occupancy 
Colony Vegetation Distance Predators Trapping Vulner- Marlred egg egg& unknown 
offshore Effort ability to burrows stage chick status for intensively estimated using 
predation (total no. only stages burrows studied colonies burrow smell 
burrows) 
Nuggets 1 Rank exotic grass - present M High 116 (122) 4 25 25 25-47% -
Nuggets2 Native shrubland - present M High 36 (36) ? ? ? - 39% 
(el!. Hebe elliotica) 
Nuggets 3&4 Rank exotic grass - present M High 69 (69) 6 22 14 41-61% -
and tussock 
Nuggets5 Native forest ( eg. - present M High 60 (60) 1 0 ? <2% -
Podocarous hallil) 
Taiaroo Head Marram grass - present H probably 104 (620) 4 35 19 38-56% -
<Private) Sandhills Low 
Taiaroo Head Rank exotic grass - present H Low 21 (21) 0 11 2 52-62% .. 
(Reserve) and iceplant 
(Di-,..-.:; australe) 
Bushy Beach, Native forest and - present M High 56 (56) ? ? ? - 56% 
Oamaru rank exotic grass 
Shag Point Native shrubland - present M High 11 (11) ? ? ? - 0% 
and rank exotic 1rrass 
Sandymount, Flax (Phormium - present nil High 49 (49) ? ? ? - 59% 
Ota,go Peninsula tenax) and tussock 
Tunnel Rocks, Native shrubland - present M High (105) ? ? ? - 56% 
Jack's Blowhole (eg, H. ellivtica) 
Green Island Taupata 2km absent nil Low ? ? ~1 ? - ? 
( Covrosma revens) 
Moturata Island, Bare soil 1 km absent nil Low ? ? ~3 ? - ? 
Taieri Mouth and flax (P. tenax) ( occasionally vulnerable 
connected 
bvsandbar) 










Fledging success (number of chicks fledged as a proportion of chicks hatched) of Sooty 
Shearwaters at five Otago colonies varied from O - 100% (Table 4.4 ). The colonies at 
Nugget Point had the lowest fledging success and Taiaroa Head (Reserve & Private) and 
Tuhawaiki Island had relatively high fledging success. Chick mortality (including chicks 
presumed dead and chicks confmned dead) at Nuggets 1 and Nuggets 3&4 ranged from 59 -
100% (Table 4.4). 
The fledging success from colonies with high vulnerability to predation (Nuggets 1, 3&4) 
were compared with colonies having low vulnerability to predation (Taiaroa Head (Reserve) 
and Tuhawaiki Island) (refer Table 4.3). Colonies with high vulnerability to predation 
averaged a much higher fledgling success (20.5%, SD=29, N=2) than colonies with low 
vulnerability to predation (83%, SD=18, N=3). However, this was not significantly 
different at a 95% confidence level (p = 0.0542; one-factor ANOV A). 
Table 4.4: The fate of chicks at five Sooty Shearwater breeding colonies along the Otago 
coast. All % are a proportion of the total number of chicks. 
COLONY Number Presumed Confirmed Presumed 
of chicks red red fledged 
Nuggets 1 28 * 10(36%) 18(64%) 0(0%) 
Nuggets 3&4 22 3 (14%) 10 (45%) 9 (41%) 
Taiaroa Head (Private) 58 ** 17 (29%) 4(7%) 37 (64%) 
Taiaroa Head (Reserve) 11 0(0%) 0(0%) 11 (100%) 
Tuhawaild Island 29 ** 2(7%) 2(7%) 25 (86%) 
* includes 3 dead chicks from unknown bWTows 




Estimates for total productivity of colonies 
The total number of occupied burrows, by extrapolation, at intensively studied colonies in 
1992/93 ranged from 11 to 640 for different colonies (Table 4.5). The total number of 
chicks fledged, by extrapolation, at the intensively studied colonies in 1992/93 ranged from 
0 to 518 from different colonies (Table 4.5). 
Chicks began coming to the surface after 19 April 1993. The number of fledglings on the 
surface that were banded at each colony and the number of chick banding nights spent at 
each colony after 19 April are also presented (Table 4.5). More nights were spent observing 
at the Nuggets colonies prior to 19 April but no activity (either adults or chicks) was 
observed. Tuhawaiki Island was not visited at night for banding although 15 chicks were 
extracted from burrows and banded there during the day in early April. 
Taiaroa Head (Private) was the most productive mainland colony with between 85 and 187 
chicks estimated to have fledged from the colony (Table 4.5). This is verified as 70 chicks 
were banded in 13 nights just prior to fledging (Table 4.5) and it is assumed not all chicks 
were banded. Between 9 and 13 chick were estimated fledged from Taiaroa Head (Reserve), 
making the total number of fledglings for Taiaroa Head for the 1992/93 season estimated at 
between 94 and 200. No chicks were estimated to have fledged from Nuggets 1 and 
between 6 and 13 may have fledged from Nuggets 3&4 which could possibly have been the 
total number of fledglings from Nugget Point for the 1992/93 breeding season. However, 
no chicks were observed on the surface during banding at either Nuggets 1 or Nuggets 3&4. 




Table 4.5: Estimated total productivity of Sooty Shearwater breeding colonies in 1992/93. 
COLONY Total Min. and max. Min. and max. Min. and max. No. of chicks 
number of estimated total estimated% estimated total banded (no. of 
burrows occupied breeding chicks chick banding 
burrows success fledged nights) 
Nuggets 1 122 31- 57 0 0 0 (1) 
Nuggets3&4 69 28-42 21-32% 6 - 13 0 (3) 
TaiaroaHd 620 236- 347 36- 54% 85 -187 70 (13) 
(Private) 
TaiaroaHd 21 11- 13 85-100% 9- 13 2 (1) 
(Reserve) 
Tuhawaiki 1050+ 504-640 63 -81% 318 - 518 0(0) 
Island 
4.5 DISCUSSION & CONCLUSIONS 
4.5.1 Factors affecting Sooty Shearwater. numbers at sea 
Each year in May several dead fledglings are found dead on New Zealand beaches with 
primary, secondary and tail feathers still developing (Powlesland and Pickard 1992). 
Presumably these fledglings are forced to start their migration before completing their feather 
development either because parents have provided inadequate food for them or they were 
abandoned too soon by their parents starting their own migration (Powlesland and Pickard 
1992). Along with the occasional beach recovery of a dead Sooty Shearwater, large masses 
of dead Sooty Shearwaters (i.e. "wrecks") sporadically wash up on small stretches of 
beaches around New Zealand. 
The condition of juvenile birds beach-wrecked near Ashburton in 1961 suggested that there 
was an extreme food shortage at the end of the 1961 breeding season (Stonehouse 1964). 
This, coupled with severe weather, could possibly be the cause of most beach-wrecks. 
Mass mortality also occurs about every ten years in Short-tailed Shearwaters (Puffinus 
tenuirostris) along the Japanese Coast from late May until mid June with large number of 






A wreck of dead fledglings washed up on Dunedin beaches in early May 1993. The 
fledglings from the 1993 beach wreck were significantly smaller and lighter than chicks 
banded at the end of the 1991/92 breeding season. The one measurement where the beach-
wreck fledglings were significantly larger than the banded chicks was "width of bill at base". 
This may be due to sampling error as the base of the bill was soft and could be compressed 
by the callipers making if difficult to accurately measure on live birds (i.e. the banded chicks) 
compared with dead birds (i.e. beach-wreck fledglings). Because banded chicks were only 
weighed and measured at the end of the 1991/92 breeding season, the comparison with 
beach wreck fledglings in 1993 may have been more accentuated than if the beach wreck 
fledgling data had been compared with banded chicks from the 1992/93 breeding season. 
The mean weight for chicks on the Snares Islands on 7 May 1972 was 765 g (SD = 111) 
(W arham et al 1982). This falls in the middle of the mean weights for beach-wreck 
fledglings (447 g) and banded chicks (903 g) in this study. Chicks rapidly lose weight prior 
to fledging (Richdale 1963). The banded chicks were weighed from about the 20 April until 
mid-May so it is expected they would be heavier than fledglings .. 
As the comparison of weight data may be problematic due to chicks quickly losing weight 
when they fledge (Richdale 1963), all fledglings (i.e. even those not beach-wrecked) may be 
lighter than banded chicks by May. At the Muttonbird (Titi) Islands, Maori muttonbirders 
found that 1992/93 was an extremely bad season particularly at the 'torching' stage when 
chicks on the surface were small and skinny (Margaret Bragg and Nash Norton, pers. 
comm.). As the body dimensions of the beach-wreck fledglings were small (i.e. they were 
not just underweight), this implies there was an earlier growth problem in the 1992/93 
breeding season. 
As the number of migrating birds is enormous (eg. population at Snares Island alone is 
estimated at 2 750 000 (Warham and Wilson 1982) beach-wrecked birds may represent the 
bottom end of the weight and size range and may not necessarily represent a cross-section of 
birds from a season low in food. 
Despite the problems inherent with interpreting beach-wreck events, the cases of fledgling 
beach-wrecks indicate that the fledgling survival of Sooty Shearwaters may be susceptible to 
marine food-chain fluctuations and therefore useful as a long-term indicator of these 
fluctuations. Marine food-chain fluctuations may also be influencing New 2:ealand seabirds 
that are endangered. For example, the reproductive success of the rare Yellow-eyed Penguin 
is crucially affected by food availability (van Heezik and Davis 1990). 
f 
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In future it is crucial to investigate whether the adult beach-wreck rate correlates with the 
fledgling beach-wreck rate as severe adult mortality would probably have a larger impact on 
population survival. 
Other threats at sea 
Entanglement in fishing nets in the North Pacific has caused the death of some Sooty 
Shearwaters. During the current study, an adult (either pre-breeding or breeding age) Sooty 
Shearwater banded in March 1993 was later recovered in a fishing net off Vancouver, 
Canada and other similar recoveries have been published. On 17 September 1963 a Sooty 
Shearwater was drowned in a sea-bass net off Avila Beach, California. It was an adult bird 
which had been banded on 28 February 1961 at Macquarie Island (Warham 1964). An adult 
from a burrow on Glasgow Island, New '.Zealand marked on 5 October 1958 and recovered 
dead in a fishing net off Hokkaido, Japan on 20 May 1959 (Kinsky 19(j() cited in Warham 
1964). An adult from a burrow on Stephens Island, marked on 25 January 1960 and 
recovered dead on a fishing line off Hokkaido, Japan on 19 May 1960 (Kinsky 1961 cited in 
W arham 1964). Of two birds which were banded at the Snares Islands, one died on a 
Japanese fishing line in March 1970 and another died in a Japanese fishing nest in August 
1969 (Warham etal 1982). 
It has been estimated that at least half a million shearwaters are killed annually by salmon aild 
other drift-net fisheries (Ogi 1984, Bradley et al 1991) with many of those killed being 
young shearwaters. The Japanese salmon gillnet fishery in the northern North Pacific and 
the Bering Sea enmeshes an estimated 250 000 to 750 000 birds annually and Short-tailed 
Shearwaters and Sooty Shearwaters comprise (j() percent of the kill (King 1984). Although 
any impact on overall population numbers is unknown, entanglement in fishing nets could be 
an important threat to Sooty Shearwater population survival. 
4.5.2 Factors affecting Sooty Shearwater numbers and productivity at 
colonies 
Adult and chick preda.tion 
New '.Zealand seabirds are vulnerable to predation by introduced mammals due to their 
general lack of effective anti-predator behaviour against mammals and also due to their low 
annual productivity (Moors and Atkinson 1984). 
The remains of seabirds including Blue Penguins (Eudyptula minor), chicks of Sooty 




ferrets (Robertson 1976, Moors and Atkinson 1984). Hutton's shearwater (Puffinus 
huttoni) remains have been found in the lairs of stoats in the Seaward Kaikoura Mountains 
(Moors and Atkinson 1984). 
Cats prey on a wide range of seabirds and have been seen entering relatively small burrows 
(van Aarde 1980 cited in Moors and Atkinson 1984). The Fluttering Shearwater (Puffinus 
gavia) no longer breed on Whale Island possibly due to adult mortality from feral cat 
· predation (Imber 1975). On Little Barrier Island, feral cats, which have now been removed, 
preyed upon both fledgling and adult Black Petrels (Procellaria parkinsoni) and Cook's 
petrels (Pterodroma cookii) (Imber 1975). The extinction of a Sooty Shearwater colony at 
Pipinui Point, Wellington was observed from 1960-67 and was attributed to predation from 
cats (J.A. Bartle, pers. comm.). 
Norway rats took deserted eggs, killed young chicks and scavenged dead older chicks and 
adult Grey-faced Petrels (Pterodroma macroptera gouldi) on Whale Island (Imber 1975, 
1976). In the past, kiore were widespread on mainland New Zealand (Atkinson and Moller 
1989) and may have killed petrels. 
From the current study, the colonies at Nugget Point appear to be under considerable threat 
from mammalian predation. Nuggets 5 colony suffered high adult mortality probably due to 
predation near the start of the 1992/93 breeding season. No adults were seen at this colony 
after 9 January and no chicks were produced. The five males and five females which were 
autopsied all had well developed gonads so were probably reproductively mature adults. 
This colony has previously been more productive than was observed in 1992/93 as C. Lalas 
(pers. comm.) found evidence of adult and chick predation at this colony in the mid-1980s. 
Most adults were found killed at burrow entrances. However, it cannot be inferred that they 
were killed underground, or that they were producing a nest/chick in that particular burrow. 
Pre-breeders or unpaired adults may spend a higher proportion of time at the surface than 
breeding birds and therefore be more vulnerable to predation so the preyed on birds may 
have predominantly been un-paired or pre-breeding birds. Some birds also sleep on the 
surface (pers. obs.) so much of the predation may not be burrow centred. Many predators 
drag prey off into holes to feed (Bomberg 1937, Campbell et al 1984) which would explain 
the occurrence of three adult carcasses being found at one burrow entrance. 
Sooty Shearwaters are long-lived seabirds with delayed maturity and low productivity 
(Warham 1990) and so adult mortality potentially has a high impact on the breeding 
population. If the severe adult mortality observed at Nuggets 5 is a frequent event, this 
colony may no longer be a self-sustaining. However, as young birds do not return to 
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colonies to breed for at least three or four years (W arham 1990), recruitment back into this 
population may still be possible if predation declines or is controlled. However, the severe 
adult mortality observed may have been a sporadic event. Several years of monitoring the 
survival of Sooty Shearwaters needs to be undertaken so that the impact from severe adult 
mortality events such as these can be put into perspective. 
The main cause of Sooty Shearwater chick mortality in the current study was predation by 
introduced mammals. It may be that some of the birds whose deaths were attributed to 
predation, died from other causes and were scavenged by predators posthumously. There 
was also a high proportion of chicks which were "presumed dead". These may have been 
dragged away by predators or may have died of other causes out of view in the burrow. 
There was no sign of adult predation at Nuggets 1 or Nuggets 3&4 but chick predation 
ranged from 41-43%. This may be underestimated as it did not include the unknown 
proportion of preyed on chicks from the "presumed dead" category. Chick predation at 
Nuggets 1 began occurring when chicks were relatively young (late February to late April 
1993) and still in the burrow. However, at Nuggets 3&4, chick predation occurred during 
the 3-4 weeks prior to fledging. Chicks come to the surface to exercise their wings in the 
last couple of weeks before fledging. Predation of Black Petrel chicks, presumably by feral 
cats, mainly occurred after they began emerging to exercise their wings (Imber 1975). At 
Nuggets 3&4, chicks may also have been preyed on while they were on the surface. 
Estimates of predation may be underestimated at some colonies which were not checked 
regularly before fledging as chicks which were assumed to have fledged (after 20 April) may 
have· been dragged away by predators or killed out of sight in the burrow. 
In contrast to Nugget Point, the colonies at Taiaroa Head and Tuhawaiki Island had 
extrem~ly high fledging success with no chick mortality attributable to predation. The 
highest levels of fledging success were recorded at Taiaroa Head (Reserve) where 100% of 
chicks fledged. Tuhawaiki Island, which is assumed predator-free, had the second highest 
fledging success of 86%. Taiaroa Head (Private) also had a relatively high fledging success 
of 64%. This colony is by far the largest mainland colony remaining in Otago (236 - 347 
occupied burrows) and there is no evidence numbers have changed. At this early stage of 
monitoring, it appears this colony may be doing well. 
At Taiaroa Head (Reserve), predation levels are low due to long-term intensive predator 
trapping within the Nature Reserve to protect the Northern Royal Albatross. The intensive 
predator control carried out in the area of Taiaroa Head since the 1960s has probably 
·~ 
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influenced predator numbers in the general area so that Taiaroa Head (Private) may also have 
low predator numbers. 
Another possible reason for the apparent success of Taiaroa Head (Private) colony is it's 
sand dune habitat. Bird predation may be naturally low in sand dune habitats as they contain 
a large number of rabbits and predators may predominantly feed on the rabbits (Bruce 1991, 
Ratz et al 1992, Fechney et al 1993). The high level of predator control within the Northern 
Royal Albatross colony (about 500m away) may influence the success of the Sooty 
Shearwaters breeding in the area and could also have led to a nursery area being established 
as most chicks return to their natal area to breed. 
Predator trapping during the Yellow-eyed Penguin breeding season was undertaken at 
Nugget Point and is designed to clear predators from November until late December (Ratz et 
al i992). However, reinvasion of predators into an area is rapid (Ratz et al 1992) so the 
long Sooty Shearwater breeding season (October until May) is largely unprotected. 
Additionally, predator trapping to protect Yellow-eyed Penguins is targeted around the 
Yellow-eyed Penguin nesting sites. These nesting sites are some distance from Nuggets 
3&4 but fairly close to Nuggets 1 and centred on Nuggets 5. All the Nugget Point colonies 
were classed as having a "high" vulnerability to predation. 
Productivity (i.e. fledgling success) was not statistically different at a 95% confidence level 
at colonies with a high vulnerability to predation compared to colonies with low vulnerability 
although but the p value was close to 0.05 (i.e. p = 0.0542). However, the number of 
colonies investigated in this study was small. Therefore, to quantify predation effects, the 
study needs to expand and look at productivity in other areas. 
The proportion of Yellow-eyed Penguin chicks that were preyed upon in several Otago 
Peninsula colonies varied from 4- 62% in different years (Darby and Seddon 1990). 
Therefore, monitoring of chick survival over several years is needed to get accurate estimates 
of predation. 
Although the breeding success of Sooty Shearwaters on Whale Island has not been closely 
studied, the reproductive rate of Sooty Shearwaters is probably too low to sustain the 
population and this may be due to rat predation (Imber 1975). However, the population may 
be being sustained largely by immigration from the vast colonies on the southern islands 
(Imber 1975). Immigration from large offshore island colonies may also be the key 




Competition with Blue Penguins 
Competition for burrow space has been recorded between species of burrow-nesting 
seabirds. For example, Manx Shearwaters (Puffinus puffinus) compete with Puffins 
(Fratercula arctica) for burrows (Brooke 1990). 
Stewart Island Shags (Leucocarbo chalconotus) have been known to limit the breeding areas 
occupied by Sooty Shearwaters on Whero Island (Richdale 1963) .. Before the 1956/57 
Sooty Shearwater breeding season, the shag population shifted and occupied approximately 
one third of the area that had been used by Sooty Shearwaters the previous season (Richdale 
1963). By 1980, all the vegetative cover on Whero Island had gone due to the nesting 
activity of shags (Lalas 1983). The soil on the island was eroding and washing into the sea 
. leaving bare rock and there were probably just a few, if any, Sooty Shearwater burrows 
(Lalas 1983). There appeared to be a similar situation occurring in this study where there 
were indications Blue Penguins may have been competing with Sooty Shearwaters for 
burrow space on Green Island and Moturata Island in the 1992/CJ3 breeding season. 
Blue Penguins are sedentary, visiting the colonies for most months of the year and typically 
laying around August-October (Marchant & Higgins 1990). Therefore they could have some 
advantage over Sooty Shearwaters that return in late September/early October to reclaim 
burrows after a northern migration. Both species are aggressive; Blue Penguins have a 
powerful bill-stabbing territorial display that would possibly defeat the biting/pecking of the 
Sooty Shearwater which has a less robust bill. Incubating Blue Penguins may possibly be 
difficult for a Sooty Shearwater to dislodge if they were already established in a burrow. 
A second potential time of conflict is when penguins return to moult in burrows in 
January/February. If Blue Penguins took up burrow occupancy, an unguarded Sooty 
Shearwater chick could be crushed or unable to be fed by returning parents. If 
muttonbirding of Sooty Shearwater chicks were also occurring it could increase the 
competitive advantage for the Blue Penguins. 
However, burrow space may not actually limit Sooty Shearwater colonies as displaced birds 
may be able to move and occupy new space although this would involve added effort . 
However, on Green Island, for example, position of burrows may be a limiting factor. 
There may be a disruptive effect between Blue Penguins and Sooty Shearwaters at some 




. The Otago Sooty Shearwater colonies were found in a range of habitats from rank grass and 
sand dunes to forest. Land clearance and replacement with exotic pasture grasses may not 
always be detrimental for native species. The colonies at Nuggets 1 and 3&4 appeared to 
survive well when sheep were grazing and grass was low in the 1980's (C. Lalas pers. 
comm.). 
Historical forest depletion in coastal areas may not have necessarily contributed to the decline 
of Sooty Shearwater colonies. The colonies that appeared to be the most successful in 
1992/93 were Taiaroa Head (Private) and Tuhawaiki Island which were in grass habitat. 
There may also be differences in predator/prey interactions in different habitats. For 
example, it has been hypothesised that forest habitats may have worse predation levels than 
open grassland (H. Moller, pers. comm.) 
Moturata Island is denuded of vegetation in large areas and is very susceptible to erosion. 
Areas of the island where large numbers of burrows occur are bare of vegetation so burrow 
structure is very fragile and easily collapsed. A fenced plot established by the Department of 
Conservation, which excludes rabbits and Blue Penguins, has a large amount of vegetative 
growth. Rabbit, and possibly Blue Penguin activity on the island may be restricting the 
vegetation growth and increasing burrow instability. 
Rabbits may have had an influence in reducing the Sooty Shearwater population on 
Macquarie Island through grazing and increasing the risk of predation to cats and skuas by 
removal of tussock, Poafoliosa (Brothers 1984). In this study, the colony which appeared 
to have the highest rabbit population was Taiaroa Head (Private). This colony had no 
detectable Sooty Shearwater predation which may be partly due to the predator control in the 
area but may also be because predators predominantly feed on the rabbits. High rabbits 
numbers at Taiaroa Head (Private) may have increased the erosion and burrow instability at 
the colony due to increased grazing. 
At Bird Island, South Georgia, Antarctic Fur Seals (Arctocephalus gasella) destroy the 
tussock (Poajlabellata) by trampling and lying on the tops of the tussocks (Bonner 1985). 
This deprives the bird life, including several populations of burrowing petrels, of breeding 
habitat and exposes them to predation by Antarctic Skuas ( Catharacta antarctica). The 
successful recovery of the Fur Seals, after severe depletion from sealing, may well be 





The New Z,ealand Fur Seal flattening the vegetation around some burrows at Nuggets 3&4 
did not appear to be a problem in the 1992/93 season but in the future it may cause the 
vegetation to die off. This could increase the chance of burrow collapse due to the less stable 
substrate. 
Other threats during breeding 
There was no evidence of illegal mutton birding on the mainland during this study. Mainland 
harvesting could potentially be reinstated in the future if proven to be sustainable. An 
established muttonbirding industry exists on the islands around Stewart Island where an 
estimated 250 000 chicks are harvested each year by southern Maori (Marchant and Higgins 
· 1990). 
Other factors that may potentially affect the survival and breeding success of Sooty 
Shearwaters include disease (eg. "Puffinosus", Brooke 1990), starvation and flooding of 
low-lying burrows by heavy rain (Skira et al 1985). The incidence of heavy rainfall during 
incubation had a greater influence on hatching success than did total rainfall in Manx 
Shearwaters (Puffinus puffinus) (Thompson and Furness 1991). Colony hatching success 
rates were significantly negatively correlated with rainfall amounts during the incubation 
period. However, fledging success of Manx Shearwaters was unrelated to rainfall 
(Thompson and Furness 1991). 
Flooding of Blue Penguin burrows occurred at Taiaroa Head in the 1992/93 breeding season 
(L. Perriman, pers. comm.) and at Green Island during the 1992/93 breeding season (C. 
Lalas, pers. comm) but was not observed for Sooty Shearwater burrows at those sites. 
4.5.3 Productivity at Otago Sooty Shearwater colonies 
The majority of breeding failure in petrels occurs in the incubation and hatching stage, but 
some of these failures are probably attributable to disturbance from burrow inspections 
(Serventy and Curry 1984). Studying the breeding biology of Sooty Shearwaters was 
particularly difficult due to their susceptibility to investigator disturbance. Sooty 
Shearwaters usually desert the egg if handled during incubation (Warham 1990). 
Eggs of Short-tailed Shearwaters (Puffinus tenuirostris) were often missed by observers, 
and chicks, which were easier to locate, were fairly often found in burrows where no egg 
had been recorded (Serventy and Curry 1984). Egg loss at Sooty Shearwater colonies in 
1992/93 appeared to be quite low, but was probably underestimated as it was difficult to 




In this study, the majority of burrows with "eggs" recorded were ones which had egg 
remains found in the tunnel after having been cleared out from the nesting chamber by the 
adult. Therefore, there may have been other burrows with egg remains which were not 
cleared from the nesting chamber or which were not brought near enough to the burrow 
entrance to be visible from outside. It is also unknown how long egg shell remains last, so 
the ones recorded may not necessarily have been from the 1992/93 breeding season. 
With the exception of Taiaroa Head (Private), the mainland breeding colonies of Sooty 
Shearwater still remaining around Otago were all small. Burrow occupancy (proportion of 
burrows with a breeding attempt) ranged from 25 - 62%. Tuhawaiki Island colony was 
relatively large(> 1050 burrows) and had high burrow occupancy (48 - 61 %) and high 
fledging success (86%) for the 1992/93 breeding season. Tuhawaiki Island was assumed to 
be predator-free although it may be vulnerable to invasion from predators due to its close 
proximity to the mainland. Taiaroa Head (Reserve & Private) also had high productivity and 
low predation rates. 
Many seabirds encounter years when survival rates are depressed and breeding success is 
extremely low or even z.ero (Wooller et al 1992). The longevity of seabirds would likely 
minimiz.e the deleterious effects of rare catastrophic breeding years because the impact is 
spread over a long reproductive life span (W ooller et al 1992). However, catastrophic adult 
mortality is more likely to have large negative impacts on the long-term survival of colonies 
as it depletes the breeding population. 
4.5.4 Summary of threats to reproduction and survival rates 
Starvation may have been a key factor in chick mortality in 1992/93 as it was a bad year for 
muttonbirding on the offshore Muttonbird (Titi) Islands in terms of chick size (Margaret 
Bragg and Nash Norton, pers. comm.). There was also a large beach wreck of underweight 
and undersiz.ed fledglings on Dunedin beaches at the end of the breeding season. 
Both chick and adult predation was high at Nugget Point for the 1992/93 breeding season. 
Adult predation is likely to have the largest detrimental affect on colony survival as the 
breeding population is being targeted. Predator control should be prioritised so that 
protection is targeted when adults appear to be most vulnerable in November and December. 
Predator trapping to protect chicks would probably need to run for a much longer period (i.e. 





With the levels of Sooty Shearwater chick and adult predation observed in 1992/93, it is 
possible that remaining mainland populations will go extinct However, if immigration from 
large off shore islands is occurring, it may be enough to sustain these small populations. 
Breeding colonies of Sooty Shearwaters need to be monitored over many successive years 
before any concrete conclusions can be made as to the importance of predation and other 
threats to colony survival. There is therefore a need for a long-term monitoring programme 
to quantify the impact of different threats on the reproductive and survival rates of Sooty 
Shearwaters and variations in these parameters. However, a long-term study will be 
expensive and cannot be expected to yield definitive results for years. 
Mathematical modelling is a useful tool in quickly scoping the impact on small colonies the 
various threats outlined in this chapter would have over a period of time. Modelling could 
assist in predicting the Minimum Viable Population size (i.e. population size which is large 
enough to permit long term persistence) of mainland colonies and could also help direct the 




Chapter 5: Preliminary Population Viability Analysis of 
Sooty Shearwaters for efficient management of predation 





Breeding colonies of Sooty Shearwaters (Puffinus griseus) are abundant on off-shore 
islands around southern New Zealand Mainland colonies are thought to have declined 
in number (Jackson 1957) but the status of remaining colonies is largely unknown 
(Chapters 1 and 2). Impacts on small breeding colonies which may be affecting their 
long-term survival include predation by intrcx:luced small mammals, illegal harvesting, 
food shortages and storms at sea (Chapter 4). 
Harvesting of Sooty Shearwaters takes place on a number of off-shore islands around 
Stewart Island where southern Maori are permitted to harvest chicks (known as "Titi ") 
for food during a controlled season (Wildlife Act 1953). Sporadic illegal harvesting 
(i.e. poaching) may also occur at mainland and near-shore islet colonies due to their 
accessibility to the general public. 
A long-term monitoring study of Sooty Shearwater populations has been initiated in 
southern New Zealand to investigate the effects of threats on mainland populations, to 
guide restoration management, and to facilitate (where applicable) a sustainable harvest 
by Maori. Such long-term studies of seabirds are expensive and cannot be expected to 
yield definitive information for population management for at least a decade. However, 
mathematical models are a useful tool in providing the earliest possible predictions of 
population trends and the impact of threats. This may assist conservation managers to 
take active steps to conserve endangered species rather than having to wait for decades 
until trends in living populations can be observed Models can also be particularly 
valuable in focusing the attentions of researchers on the key variables to measure, and 
on the relative precision required for each variable. The resulting efficiency may be 
particularly valuable in studies oflong-lived, slow-reprcxlucing species like 
Procellariiform seabirds. 
Conservation strategies are often based on maintaining minimum viable populations 
(MVP) which are populations large enough to permit long-term persistence (Harris et al , 
1987). Fluctuations in population size that result from variability in demographic 
processes occur naturally. However, these random fluctuations can lead to the 
localised extinction of populations that are small and isolated (Harris et al 1987). 
Population Viability Analysis (PV A) is a useful tool in providing a general 
understanding of what determines the persistence of small populations and in estimating 
MVP sizes. Simulation models can estimate the probabilities of extinction for a 
particular species under different conditions and have been used in the studies and 
) 
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management of a number of endangered species overseas (eg. Kinnaird and O'Brien 
1991, Menges 1990). PVA simulation workshops have also recently been held in New 
Zealand on kaka (Nestor meridionalis), kea (Nestor notabilis), and penguins 
(Spheniscidae ). 
The aim of this chapter is to present a preliminary PY A simulation model on Sooty 
Shearwaters which can provide an initial guide to developing conservation strategies for 
ecological managers. The preliminary simulation model: 
(i) estimates whether mainland populations are declining (to assess the need for 
management intervention) 
(ii) determines whether the levels of chick and adult predation observed in the first 
year of study would be sufficient on their own to cause population decline (to 
assess the value of predator control) 
(iii) identifies the Minimum Viable Population (MVP) size for mainland colonies (to 
determine which populations may be most in need of protection and to act as 
possible targets for restoration effort) 
(iv) investigates whether harvesting on the mainland could be sustainable ( were it 
,.legally allowed), and where and when safe levels of harvest can be maximised. 
(v) identifies the key parameters to measure in a long-term study so as to 
understand the determinants of Sooty Shearwater population dynamics. 
5.2 POPULATION PARAMETER ESTIMATES MODELLED 
(i) Simulation models used: Sooty Shearwater population survival was 
investigated using the VORTEX computer simulation model (Version 5.1) (Lacy and 
Kreeger 1992). The program simulates successive generations by a Leslie Matrix 
method. It is stochastic in that it imposes variations in annual survival and reproduction 
by random number generations according to prescribed probability distributions for 
reproduction and survival rates. 
The modelling undertaken was very crude as it depended on the fragmentary data 
available for Sooty Shearwaters (eg. Richdale 1963, Warham et al 1992, Warham 
1990), as well as more detailed information (as follows) from congeneric species of 
similar size (Short-tailed Shearwater, Puffinus tenuirostris and Manx Shearwater, 
Puffinus puffinus). "Optimistic" (highest assessed reproductive and survival rates) and 
"pessimistic" Oowest assessed reproductive and survival rates) scenarios were 
.,,. 
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constructed from the available literature to simulate colony survival over 100 years. 
"Average" parameters were calculated from the mean of the optimistic and pessimistic 
parameters. 
Immigration was set to zero for most simulations. Colony survival was simulated for 
100 years and each simulation was run 100 times to estimate the mean probability of 
extinction under each scenario. The MVP was defined as the starting population size to 
have a probability of extinction of 0.05 after 100 years. This was estimated from best 
fit curves generated from the Cricket Graph graphics package (Version 1.3.2, Cricket 
Software Inc., 1986-89). 
The rationale for choice of input parameters fed to the model are outlined in the 
following sections. 
(ii) Age of first breeding and maximum clutch size: For Short-tailed 
Shearwaters, the mean age of first breeding was 5.9 years for both sexes (Serventy 
1967) but some breeding started at 5 years and ranged to over 10 years (Serventy and 
Curry 1984). Richdale (1963) assumed that Sooty Shearwaters first breed at six years 
but that there was likely to be high variation. The modelling did not allow for any 
variation in the age of first breeding, so it was assumed that all birds first bred at six 
years in these simulations. 
Female Sooty Shearwaters produce a maximum of one egg per year once breeding age 
is reached. It was assumed that there was an equal proportion of males and females 
produced and that there was no difference in the survival rates of males and females. 
(iii) Maximum longevity: For Short-tailed Shearwaters, at least five individuals 
have bred for 30 years or more fv-1 ooller et al 1988). A maximum lifespan of 32 years 
was estimated for Sooty Shearwaters by extrapolating annual adult survival (using 
Richdale's 1963 estimate of 90.9%) until 95% of a hypothetical population had died 
(Fig. 5.1). It was assumed that Sooty Shearwaters breed right up until their maximum 
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Age (x years) 
Figure 5.1: A theoretical projected life span for Sooty Shearwaters. The proportion 
of birds surviving in a population at year xis equal to sx, where S = annual adult 
survival of 0.909 (Richdale 1963). 
(iv) Proportion of breeding females producing no chicks (i.e. missing a 
breeding attempt): For Manx Shearwaters (Puffinus puffinus), 24% of possible 
·breeding attempts were missed but an average of 20% was assumed to be acceptable for 
most Puffinus species (Brooke 1990). Birds may also need a year to reform pairs after 
divorce or the death of a mate. For modelling purposes, 20% was used as the 
optimistic estimate of breeding females missing a breeding attempt. 
Richdale (1963) estimated that only one third of the Sooty Shearwaters present at a 
colony were breeding (i.e. two thirds not breeding) and this would have included both 
unemployed and pre-breeding birds as well as breeding adults. Birds possibly begin 
returning to breeding colonies at about three or four years (Richdale 1963). 
A Leslie Matrix of the age structure of a hypothetical population with 88.2% annual pre-
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(Richdale 1963) leads to 55% of the total population being four years old and over. 
Assuming that all birds aged four years and older were present at breeding colonies, and 
that birds began breeding at year six, 13% of birds present at a colony were pre-
breeders (i.e. age 4 and 5). Therefore: 
0.66 = (x + 0.13)/0.55 where, 
0.66 = proportion of total number of birds present at a colony and not 
breeding 
X = proportion of breeding adults present and not breeding 
0.13 = proportion of pre-breeders present 
0.55 = proportion of total population of birds at colony 
As a result, adults present and not breeding was (x) = 0.233. 
If the proportion of adults present and breeding was 0.42 (i.e. 0.55 - 0.13), then the 
proportion of adults not breeding in a year was 55% (i.e. 0.233/0.42). 
If the "optimistic" estimate for females missing a breeding year was 20% and the 
"pessimistic" estimate was 55%, then the "average" was 37.5%. This was close to the 
Wooller et al (1989) estimate for Short-tailed Shearwaters, of 31 % of adults skipping a 
breeding year. 
Standard deviation in the proportion of adults breeding in different years was modelled 
at 10% of the proportion of adult females skipping breeding attempts. This was an 
arbitrary figure as information about variability in this parameter for Sooty Shearwaters 
or related species was not available. 
(v) Pre-breeder annual mortality (i.e. 2 - 5 years): Yearly mortality of pre-
breeders was taken from the beginning of one breeding season until the beginning of the 
following breeding season. 
Richdale (1963) estimated the survival for Sooty Shearwater pre-breeders was 88.2%. 
For Short-tailed Shearwaters, mortality in the third to fifth year birds was 37% 
(Serventy 1967). Therefore, the optimistic estimate for Sooty Shearwater pre-breeder 
mortality was modelled at 11.8%; the pessimistic estimate modelled at 37% and the · 
average modelled at 24.4%. 
(vi) Annual adult mortality (i.e.~ 6 years): Yearly mortality of breeding 
birds was taken from the beginning of one breeding season until the beginning of the 
following breeding season. 
,,• 
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In VORTEX, adult mortality is modelled at a constant rate from six years onwards. 
However, in Short-tailed Shearwaters, birds breeding for the first time had a relatively 
high rate of mortality which then decreased and remained low for about 10 years before 
increasing in older birds (Bradley et al 1989). The productivity (i.e. proportion of 
chicks surviving to fledge) of adults was associated with a decrease in the mortality rate 
early in a bird's breeding career but not in mid-life. Later in its breeding career, higher 
productivity was associated with an increased rate of mortality (Bradley et al 1989). 
Richdale (1963) proposed the mean adult survival as 90.9%. For Short-tailed 
Shearwaters the mean annual adult survival may be as high as 95% (Wooller et al 
1989). 
VORTEX models "catastrophes" (usually severe, infrequent events that decrease 
survival or reproduction) separately from "normal" annual variations in parameters. It 
was presumed that Richdale's (1963) estimate of 90.9% adult survival probably 
incorporated a similar number and severity of "catastrophes" in marine food failures 
(See Chapter 4) as have occurred in recent years. Accordingly, a separate estimate of 
normal annual survival needed to be extracted after first estimating the number and 
severity of "catastrophes", as follows. 
The monthly number of dead Sooty Shearwaters washing up per km of coast has been 
recorded by the Ornithological Society of New Zealand's "Beach Patrol Scheme" for the 
past four decades (Powlesland and Imber 1988, see Chapter 1). The Sooty Shearwater 
breeding season roughly runs from October until May (Warham 1990) but any 
mortalities in May were excluded as it was assumed they were predominantly 
fledglings. The mean number of dead Sooty Shearwaters washing up on beaches per 
km of the New Zealand coast from October until April is presented for 25 breeding 
seasons (Fig. 5.2). It is assumed there was an equal amount of effort to find birds per 
km. High mortality occurred in the 1975/76 and 1978/79 breeding seasons with means 
of more than 1.5 dead Sooty Shearwaters per km washing up on beaches (Fig. 5.2). It 
is assumed the number of dead birds found in Beach Patrols reflects both the mortality 
rate for that year, or differing numbers of Sooty Shearwaters in the population offshore 
(i.e. more or fewer available to die), or both. 
After excluding the two "catastrophe" years, there was no significant correlation of the 
number of Sooty Shearwaters washed ashore with breeding year (Fig. 3, r = 0.004, 
p>0.1 ). Residuals are distributed fairly evenly about the regression line throughout the 
series, so there is no evidence of prolonged large scale fluctuations in Sooty Shearwater 
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abundance. Accordingly, there was no distinct evidence that the number of Sooty 
Shearwaters at risk of dying has changed systematically throughout the past 25 years 
and annual variations in dead birds per km may be better indicators of variation in 
survival than would be the residuals around a regression line in Fig. 5.3. 
Assuming that a constant proportion of birds dying at sea are washed up and counted in 
the Beach Patrol scheme each year, the variation in number of birds found per km will 
index relative mortality for that year. The grand mean for all seasons of the sum of all 
Sooty Shearwaters found washed up per km between October and April inclusive, was 
scaled against the mean annual survival rate proposed by Richdale (1963) of 90.9%. 
Thereby, the published estimates of annual adult mortality were converted into a mean 
annual mortality (Table 5.1) by removing the two "catastrophe" years where high 
mortality at sea was possibly due to extreme weather patterns or food failure (Fig. 5.2). 
(vii) Variation in pre-breeder and adult mortality: An assessed annual 
variation in pre-breeder and adult survival was calculated from this same analysis of the 
number of dead Sooty Shearwaters counted per km of coast by the OSNZ's "Beach 
Patrol Scheme" (Fig. 5.2). 
Assuming that the birds washed up and counted were proportional to the number dying 
at sea, the variation in the beach counts from year to year gave a crude index of 
variability in survival amongst years. Excluding the two outlying "catastrophe" years, 
the coefficient of variation was calculated to be 64%. 
\ 
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Figure 5.2: Frequency distribution of the mean number of Sooty Shearwaters found 
dead per km of beach for the breeding season (October to April inclusive) of 1965/66 to 
1989/90. 





0 0.4 0 0 
0 
0 0 
0 0 0 
0 0.2 
0 
0 0 0 0 
0 
0 0 
0.0 ......,__,,.......,....... ........ .,..... ............ ..,.... ............. .....,.."""T" ............. ......,--,,.......,........,..... ...... ..,......,.... .............. 
breeding season 
Figure 5.3: Yearly mean mortality for the months of October to April excluding the 








Chapter 5 112 
Table 5.1: Showing the conversion of published annual adult survival and adult 
mortality to the mean mortality and standard deviations used in the modelling (marked 
with *) which did not include "catastrophe" years. 
Mortality conversions Optimistic estimate 
Published adult annual survival 95 
(Wooller et al 1989) 
Published annual mortality 5.0 
* Mean mortality in normal 3.3 
years (n =23) 
* Mortality SD in non- 2.1 













(viii) Mortality in the first year (i.e. from egg until the beginning of the 
following breeding season): Mortality in the first year was taken as survival from 
when an egg was laid until the beginning of the following breeding season. This 
required the amalgamation of data on hatching success, fledging success, and pre-
breeder survival (assumed to be equal to juvenile survival). 
Mortality in the first year (Table 5.2) was calculated using m = 1 - abcz, where 
m = mortality from 0-1 years 
a = proportion of eggs hatching 
b = proportion of chicks surviving in predator-free conditions 
c = proportion of chicks surviving predation 
z = proportion surviving from fledging to beginning of next season (i.e. 6 
months). 
Warham et al's (1982) estimate for Sooty Shearwater hatching success, "a", 
(proportion of chicks hatching of eggs laid) was 0.58 but was likely to include a high 




Chapter 5 113 
about 70% (Norman 1985) and Manx Shearwaters it was between 61.9% and 72.9 at 
two different sites (Brooke 1990). Therefore, hatching success was modelled at 70% 
for Sooty Shearwaters. 
Chick survival, "b", was modelled from the 1992/93 breeding season estimates at Otago 
colonies (Hamilton 1993) and by removing mortalities due to predation. Optimistic 
estimates were calculated as the average chick survival of the two sites studied which 
encountered low to nil predator levels (Chapter 4). "Pessimistic" estimates were 
calculated as the average of the total sites studied (N=5). Of the five sites, maximum 
survival was 100% and minimum survival was 43%. 
Predation levels were those measured in the 1992/93 breeding season at Nugget Point, 
Otago, and modelled as an average over the five sites intensively studied (Chapter 4). 
Predator trapping removed about 80% of the resident cats and ferrets (Fechney et al 
1993) so predator control was modelled as an 80% cut in chick mortality from 
predation. 
Survival from fledging until the beginning of the following season was calculated using 
a negative exponential i.e. z = exp[(log Y)/t] (Fitzgerald et al 1981) where 
z = survival from fledging until following season (:c::: 6 months later) 
Y = pre-breeder survival rate (i.e. juvenile survival rate) 
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Table 5.2: Calculations for "optimistic", "pessimistic" and "average" estimates of 
assessed mortality in the first year with no predation, with predation, and with 80% 
predator control. 
Variable Optimistic [SD] Average [SD] Pessimistic [SD] 
Hatching success (a) 0.7 0.7 0.7 
Survival of chick to fledging (b) 0.9310 [0.0612] 0.8402 [0.0824] 0.7494 [0.1036] 
Hamilton, 2 sites Hamilton, 5 sites 
Chicks surviving predation (c) 0.8325 0.8325 0.8325 
Chicks surviving predation with 80% 0.9665 0.9665 0.9665 
predator' control (d) 
Survival of fledgling to following exp[(log 0.882)/0.5] 0.7831 exp[(log 0.63)/0.5] 
season (z) = 0.8967 = 0.6694 
% mortality in 1st year with no 41.56 [6.12] 53.94 [8.24] 64.89 [10.36] 
predation (1-abz) 
% mortality in 1st year with predation 51.35 [3.56] 61.06 [5.64] 70.77 [7.72] 
(1- abcz) 
% mortality in 1st year with 80% 43.52 [4.18] 54.79 [6.57] 66.06 [8.95] 
predator control (1-abdz) 
(ix) "Marine failure catastrophe": Years of severe mortality at sea were treated 
separately from normal annual mortality and were modelled as a "catastrophe" called 
"marine failure". "Marine failure catastrophes" were a factor of annual mortality so they 
were modelled in every simulation. 
The variation in Beach Patrol counts gave a crude index of the frequency and intensity 
of "marine failure catastrophes". An unusually high number of birds were washed up 
dead in 1975/76 and 1978/79, so the probability of this "marine failure catastrophe" .in 
the simulations was set at 2/25 (8%). The mean mortality in 1975/76 and 1978/79 was 
estimated as 44.45% so the mean survival was 55.55%. If the average mortality in the 
remaining 23 seasons was 6%, survival was 94%. Therefore, the severity of the 
"marine failure catastrophe" was assumed a factor of 0.591 (i.e. 55.55/94} with respect 





to size reproduction and/or survival in catastrophe years compared to normal 
reproductive and survival rates). 
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(x) "Adult predation catastrophe": A second type of assessed "catastrophe" 
("adult predation") was also modelled, following the severe predation during the nest 
prospecting phase (November/December) of adults at one of the seven colonies closely 
monitored in 1992/93. Twenty-one dead adults were found there, probably all killed by 
a ferret and no chicks were fledged (Chapter 4). 
The frequency in the temporal occurrence of the "adult predation catastrophe" was 
assumed to be relative to its spatial occurrence in the 1992/93 breeding season. 
Therefore, the probability of an "adult predation catastrophe" in the simulations was set 
at 14.3% (1 of the 7 colonies intensively monitored). 
The severity effect of the catastrophe, with respect to survival, was calculated using a 
predicted Leslie Matrix model where 45% of the total population were in the O - 3 year 
age group and assumed not present at a breeding colony. If 12% of the breeding 
population were not at the colony (Wooller et al 1989), then 57% (12% + 45%) of the 
total population was not at the colony. These birds were assumed to either have 
remained in the winter feeding areas in the northern hemisphere or at sea elsewhere. 
Therefore, 43% of the population was at the colony and vulnerable to predation. As 
there was high adult mortality at one of the colonies which resulted in zero productivity, 
it was assumed that for modelling, at least one of each breeding pair was killed. 
Therefore, the minimum mortality was 50% of the 43% of the vulnerable population. 
Severity of the "predation catastrophe" with respect to survival was modelled at 0.785 
(i.e. 1 - 0.5 x 0.43) and it was assumed that no reproduction occurred due to the 
"catastrophe" (reproductive severity factor= 0). 
Predator trapping can remove 80% of the resident cats and ferrets (Fechney et al 1993). 
Predator control effects were therefore modelled as an 80% cut in the probability of the 
"adult predation catastrophe" (i.e. 2.86%). As one predator may have a large impact on 
a population (see Chapter 4), the level of the severity of the catastrophe was not altered. 
(xi) Initial population sizes: At the largest Otago breeding colony studied in 
1992/93, the minimum number of occupied burrows was 236. The number of occupied 
burrows was converted to the number of individuals in a population (Table 5.3). For 
example, a colony containing 39 occupied burrows was converted to the number of 
individuals in the population by firstly doubling to get the number of breeding adults 
,, 
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present at the colony (i.e. 78) (Table 5.3). Assuming 12% of the adult population were 
absent from the colony in any year (Wooller et al 1989), then 88% of the adult 
population were present at the colony (i.e.78/0.88 = 88.6). The adult population 
(assumed to be~ 6 years) made up 44% of the total population using the Lesley Matrix 
model. Therefore, dividing 88.6 breeding adults by 0.44 gave about 200 individuals in 
the total population (Table 5.3). 
Simulations were started with different initial population sizes until the starting MVP 
size (where p(extinct) < 0.05) was estimated. 
Table 5.3: The total size of a population is given in relation to the number of breeding 
adults present at a breeding colony and hence the number of occupied burrows. The 
largest mainland colony is marked with*. 
Total population No. of breeding No. occupied 
size adults at colony burrows at colony 
100 39 19 
200 77 39 
300 116 58 
400 155 77 
* 1210 472 236 
The "optimistic", "average", and "pessimistic" scenarios constructed from the 










TABLE 5.4: Summary of the optimistic, average and pessimistic values for the 
population parameters used in the VORTEX programme. For these scenarios, the 
coefficient of variation for pre-breeder and adult mortality was 64%. 
Parameter Optimistic Average Pessimistic 
estimate estimate estimate 
Age of first breeding 6years 6 years 6years 
(Richdale 1963) 
Life expectancy 32 years 32 years 32 years 
% breeding females skipping years 20%, SD=2 37.5%, SD=3.75 55%, SD=5.5 
SD's at 10% (Brooke 1990) (Richdale 1963, 
modified) 
Mortality for 0-1 year (unpubl. data) 41.56%, SD=6.12 53.94%, SD=8.24 64.89%, SD=I0.36 
Mortality for 0-1 year with 16.8% 51.35%, SD=3.56 61.06%, SD=5.64 70.77%, SD=7.72 
predation at colony (unpubl. data) 
Mortality for 0-1 year with 80% 43.52%, SD=4.18 54.79%, SD=6.57 66.06%, SD=8.95 
predation control 
Pre-breeder mortality- SD's at 64% 11.8%, SD=7.4 24.4%, SD=l 1.5 37%, SD=15.6 
(Richdale 1963) (Serventy 1967) 
Adult mortality - SD's at 64% 3.3%, SD=2.1 4.65%, SD=2.95 6.0%, SD=3.8 
(Wooller et al 1989) (Richdale 1963) 
Probability of "marine failure 8% (Beach 8% 8% 
catastrophe" Patroldata, 
Chapter 1) 
Severity (multiplicative factor) of 0.591 0.591 0.591 
"marine failure catastrophe" with 
respect to reproduction and survival 
Probability of "adult predation 14.3% (Beach 14.3% 14.3% 
catastrophe" (unpubl. data) Patrol data) 
Severity of "adult predation 0 0 0 
catastrophe" with respect to. 
reproduction (unpubl. data) 
Severity of "adult predation 0.785 0.785 0.785 
catastrophe" with respect to survival 
(unpubl. data) 
Probability of "adult predation 2.86% 2.86% 2.86% 
catastrophe" with 80% predator 
control 
... 
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(xii) Immigration: If immigration was occurring it was assumed to be young 
breeding age birds following breeding birds back to their colonies. Immigration was 
modelled within VORTEX as a supplement of one female six-year-old and one male 
six-year-old. Different levels of annual immigration were calculated as the proportion 
of breeding adults in the initial population size and the frequency with which they were 
added into the population. For example, at a 1 % annual immigration rate into a 
population which had 100 breeding adults (i.e. 256 individuals), two six year olds (one 
female and one male) were added into the population every two years (Table 5.5). 
It is important to note that immigration rates were set at a proportion of the breeding 
adults in the initial (starting) population sizes and not adjusted as simulated populations 
decreased or increased over 100 years. 
Immigration was only modelled for the scenario with both chick and adult predation . 
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Table 5.5: Examples of how different immigration rates were modelled in VORTEX 
as the frequency of the addition of two six-year-olds into a population. 
Initial population size Breeding adults in Annual rate of Frequency that two 
initial population immigration(% of six-year-olds were 
breeding adults) supplemented (years) 
128 50 0.25 16 
256 100 0.25 8 
t 
513 200 0.25 4 
1025 400 0.25 2 
~ 
64 25 0.5 16 
128 50 0.5 8 
,, 256 100 0.5 4 
513 200 0.5 2 
33 13 1 16 
' ,, 64 25 1 8 
128 50 1 4 
256 100 1 2 
' 
33 13 2 8 
64 25 2 4 
'+ 128 50 2 2 
/; 
256 100 2 1 , 
"' 
15 6 4 8 
33 13 4 4 
\ 64 25 4 2 
' 
128 50 4 1 
7 
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5.3 RESULTS & DISCUSSION 
Modelling to predict trends, probabilities of extinction and MVP sizes 
Only the assessed "optimistic" reproductive and survival parameters were used but even 
these may be on the low side. 
The growth rate, r, is calculated as the ratio of the population size in the current year to 
the previous years. The higher the growth rate, the faster a population can recover from 
small size, thereby outgrowing much of the demographic risk. 
If growth rates are less than zero, populations will go extinct over a period of time 
under those conditions and parameters. If the population is large enough it may still 
survive for 100 years but would be declining. If the growth rate is greater than or equal 
to zero, MVPs can be calculated which predict the population size that allows survival 
for at least the next 100 years. 
Of the three scenarios modelled with no chick or adult predation, only the "optimistic" 
parameters gave a positive deterministic growth rate (r = 0.017) with the "pessimistic" 
and "average" having negative growth rates of -0.145 and -0.064 respectively. Sooty 
Shearwaters reach enormous abundance on offshore islands of New Zealand in the 
absence of small predators or human intervention. Accordingly it was assumed that 
mainland populations would prosper (i.e. growth rates > 0) in the absence of these new 
(human related) influences. Therefore, only "optimistic" parameters were used for the 
reproductive and natural mortality (i.e. losses not related to predation or harvest) 
estimates in the remaining analyses in this chapter. 
MVPs were estimated for each scenario with a positive growth rate by determining the 
number of colonies surviving after 100 years at starting populations of different sizes 
(Table 5.6). MVP's were the starting population size which had a probability of 
extinction of 0.05 and were estimated from best fit curves on the probabilities of 
extinction for different population sizes. For example, the MVP of colonies without 
chick and adult predation or immigration (r = 0.017) was predicted to be 225 
individuals (i.e. 44 occupied burrows) (Fig. 5.4). 
When chick predation was modelled with no adult predation, the MVP was 440 
individuals but this was cut to 300 individuals when predator control was introduced 





not sustainable. Therefore, no MVP was estimated. However, with 80% predator 
control to protect adults, the growth rate was 0.008 and the MVP 370 (Table 5.6). 
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When both adult and chick predation was built into the model, some mainland 
populations had a negative growth rate of -0.037 and the probability of extinction was 
100% (Table 5.6). 
These calculations suggest that adult predation had a greater detrimental impact on 
populations than chick predation. Therefore, predator control protecting adults during 
nest prospecting and incubation time is more important than the prolonged and therefore 
more expensive effort to protect chicks from predators from February until early May. 
If predation remains at the level measured at some locations during the 1992/93 
breeding season (with both adult and chick predation), the mainland populations will 
decline rapidly unless there is extensive immigration. However, predation of seabirds in 
coastal Otago is sporadic (Fechney et al 1993, Hamilton 1993) so several years of 
monitoring will be necessary to determine whether the predation rates observed in 
1992/93 are typical of those affecting Sooty Shearwaters. 
Predator trapping removes about 80% of the resident cats and ferrets (Fechney et al 
1993). When both chick and adult predation was reduced by 80%, the growth rate was 
0.006 and MVP was 520 individuals (Table 5.6). This was higher than the MVP for 
the chick predation scenario which had a lower growth rate. This was probably due to 
the stochasticity of the model being run for 100 years. 
The preliminary PV A model predicts that predator control is likely to make the 
difference between long-term persistence of mainland colonies and their extinction. The 
available, although fragmentary, evidence suggests that predator control is a high 
priority for the restoration of viable mainland Sooty Shearwater colonies. Small 
mainland populations may be sustained by immigration of individuals from the large 











Table 5.6: Examples of the calculations for MVP sizes (total number of individuals) 
using the probabilities of extinction for different starting population sizes. 
Scenario ("optimistic" with growth rate (r) Initial p( extinct) after MVP 
no immigration) population size lOOyears 
No chick or adult predation; 0.026 40 0.1 50 
Severity of marine failure 0.026 50 0.07 
catastrophe= 0.703 0.026 60 0.02 
0.026 75 0.01 
0.026 100 0.01 
No chick or adult predation; 0.017 100 0.14 225 
Severity of marine failure 0.017 150 0.095 
catastrophe= 0.591 0.017 200 0.07 
0.017 250 0.04 
0.017 300 0.025 
Chick predation with 80% 0.014 200 0.11 300 
predator control; 0.014 250 0.07 
Severity of marine failure 0.014 300 0.06 
catastrophe= 0.591 0.014 350 0.03 
0.014 400 0.02 
Adult predation with 80% 0.008 230 0.135 370 
predator control; 0.008 300 0.06 
Severity of marine failure 0.008 350 0.06 
catastrophe= 0.591 0.008 400 0.04 
0.008 450 0.03 
Chick and adult predation with 0.006 250 0.16 520 
80% predator control; 0.006 350 0.07 
Severity of marine failure 0.006 450 0.08 
catastrophe= 0.591 0.006 500 0.04 
0.006 550 0.05 
Chick predation; 0.004 250 0.1 440 
Severity of marine failure 0.004 300 0.09 
catastrophe= 0.591 0.004 400 0.04 
0.004 500 0.07 
0.004 600 0.02 
Adult predation; Severity of -0.025 500 1.0 not 
marine failure catast. = 0.591 sustainable 
Chick and adult predation; -0.037 500 1.0 not 
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Figure 5.4: Probabilities of extinction for different initial population sizes using 
"optimistic" population parameter data without chick or adult predation or immigration. 
The importance of immigration 
With zero immigration into the "optimistic" scenario population encountering chick and 
adult predation (i.e. mainland population), the growth rate was -0.037. Therefore, the 
population was unsustainable and will go extinct. However, if immigration from the 
large off-shore island populations of Sooty Shearwaters (or from residual members of 
mainland populations) is occurring, mainland populations may be boosted enough to 
persist In the modelling, the estimated MVP was greatly reduced with even low levels 
( <1 % breeding adults) of annual immigration of six-year-old birds into a colony (Fig. 
5.5). 
Estimates of immigration rates are an essential priority to improve the accuracy of our 
preliminary estimates of MVPs. Genetic markers could perhaps be used to measure 
these immigration rates particularly in relict populations. 
I ; 
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Figure 5.5: MVPs for varying levels of annual supplementation (i.e. immigration of 
six-year-old birds into the population set as a% of breeding adults in the population) 
using the "optimistic" scenario with chick and adult predation. Immigration was 
modelled as described in Table 5.5. 
Sensitivity analysis 
A "sensitivity analysis" was performed to identify the key assumptions and to rank the 
parameters to be measured in the long-term study in order of precision required to build 
more accurate models in the future. 
The Beach Patrol analysis found a coefficient of variation in annual survival of 64% 
This might include added variation from different weather patterns that could lead to a 
greater than average proportion of dead birds being washed ashore in some years 
compared to others. Accordingly, the MVP estimates used in the simulations were 
tested for their sensitivity to environmental variation in survival by simulating 






mortality did not greatly affect MVP size for different population growth rates for 
coefficient of variations ::; 64% (Fig. 5.6). 
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Population growth rates, r, have a large impact on MVP size with higher growth rates 
having lower MVPs. As many of the parameters used in this study were based on 
fragmentary data and guess work, the modelled parameters were varied by 10% to 
gauge the effect this had on growth rates and the MVP. 
Under predator-free conditions (eg. offshore islands), the growth rate (r) and hence 
MVP size, was most sensitive to a 10% change in "mortality from 0-1 year" and the 
probability and severity of a "marine failure catastrophe" (Table 5.7). 
At mainland sites with predation, the growth rate (r) was most sensitive to a 10% 
change in the estimates of "0-1 year natural mortality", "probability of adult predation", 
"severity of marine catastrophe", "probability of marine failure catastrophe", and 
"severity of adult predation catastrophe with respect to survival" (Table 5.8). When 
"maximum age" was decreased by 10% it had a greater impact on "r" than when it was 
increased by 10% (Fig. 5.7), but this general assumption had little relative effect on 
outcomes. There are fewer birds present a higher ages assuming a constant mortality 
rate. No comparison with MVP sizes were made in these mainland sites as the majority 
of growth rates for populations encountering predation were less than zero. MVP has 
little practical value in these circumstances of persistent population declines. 
The age of first breeding and pre-breeding survival had an enormous impact on growth 
rates if increased or decreased by a year (Tables 5.7 and 5.8). Richdale's (1963) 
estimate of onset of breeding at six years requires further study because outcomes will 
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y = 831.25 * 1QA(-40.193x) R"2 = 0.892 
y = 786.48 * 10"(-39.617x) R"2 = 0.919 
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Figure 5.6: MVPs for varying growth rates, r, with the coefficient of variation for 
pre-breeder and adult mortality at 10, 27, 64 and 100%. MVPs calculated as for Fig. 
5.4 and from the simulations summarised in Table 5.6. 
y = - 0.14495 + l.2172e-2x - 3.0565e-4x"2 + 2.5989e-6x"3 R"2 = 0.999 
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Figure 5.7: Growth rates of a Sooty Shearwater population modelled at varying 









Table 5.7: Sensitivity analysis of r value to a 10% change in the val11e of different 
parameters for sites with no predation (i.e. island scenario). Parameter marked with * 
has the opposite effect on the r value than the other parameters, depending on whether 
the parameter is increased or decreased 10%. Therefore, % r values for that parameter 
have been switched around in columns 3 and 4, and in columns 5 and 6. 
Parameter 
0-1 year total mortality 
Severity of "marine 
failure catastrophe" 
Probability of "marine 
failure catastrophe" 
* Maximum age 
Adult mortality 
% breeding females 
skipping years 
Age of first breeding 
Level modelled at 









% r value changes if: MVP if: 
parameter parameter parameter parameter 
10%more . 10% less 10%more 10% less 
29.4% 23.5% 281 117 
23.5% 17.6% 255 129 
23.5% 17.6% 255 129 
17.6% 5.9% 231 157 
11.8% 11.8% 210 142 
11.8% 5.9% 210 157 
1 yr more 1 yr less 1 yr more 1 yr less 
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TABLE 5.8: Sensitivity analysis for the projected growth rate (r) to a 10% change in 
parameter estimates for sites with predation. As an increase or decrease in "maximum 
age" (marked with *) has the opposite effect on r than the other parameters, the "% r 
changes" for that parameter have been swapped between the 3rd and 4th columns of the 
table. Simulations are for "optimistic" scenarios with no immigration. 
Parameter Level modelled at % r value changes if: 
(r= -0.037) 
Jm3Illeter pmuneter 
10%more 10% less 
0-1 yr natural mortality varied 41.56% 13.5 10.8 
(0-1 year total mortality) (51.35%) 
Probability of adult predation 14.3% 10.8 10.8 
Severity of "marine failure 0.591 10.8 8.1 
catastrophe" 
Probability "marine failure 8% 10.8 8.1 
catastrophe" 
Severity with respect to survival of 0.786 8.1 8.1 
"adult predation catastrophe" 
* Maximum age 32 years 8.1 5.4 
Adult mortality 3.3% 5.4 5.4 
% breeding females skipping years 20% 5.4 2.7 
Chick predation varied 16.75% 2.7 2.7 
(0-1 year total mortality) (51.35%) 
parameter 1 :z:ear more parameter 1 :z:ear less 







5.4 CONCLUSIONS & RECOMMENDATIONS 
How accurate is the modelling? 
All modelling outcomes discussed in this chapter were preliminary, using very 
fragmented data, and therefore conclusions should be treated cautiously. 
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The simulated population growth rates were reasonably sensitive to changes in all the 
assessed parameters tested with seemingly the most important parameters being 
mortality in the first year and the probabilities and severities of the "marine failure" and 
"adult predation catastrophes". Maximum age had a large impact on the population 
growth rate if it was less than 30 years but less of an impact if more than 30 years. 
Variation in pre-breeder and adult mortality had a surprisingly small effect on the 
relationship between growth rates and MVPs and therefore is not a high priority 
parameter to measure. 
The "marine failure catastrophe" parameter had a large effect on growth rates but is 
extremely difficult to measure. The accuracy of using the Beach Patrol data to estimate 
mortality variation and "marine failure catastrophes", as was done in this study, needs 
to be researched. Information needs to be gained on the influences driving beach wreck 
mortality. 
From the modelling, immigration rates and age at first reproduction are very important 
parameters to measure accurately to better predict population survival. Genetic marking 
will be useful in estimating immigration rates. 
The overall accuracy of the model is untested, but the first approximation suggests 
management intervention could now be necessary for mainland colonies subject to 
predation. The crude model has highlighted but not verified the need for predator 
control. Nor has the model sufficiently confirmed that populations would go extinct 
even if predator control investment was made. However, there is wider anecdotal 
evidence of declines on islands with predators (Imber 1975, 1976, Moors and Atkinson 
1984, Chapter 4). Populations influenced by predation have also shown to respond 
positively following predator control or eradication. 
To improve the accuracy of the model, data is needed on the population dynamics of 
Sooty Shearwater populations where information on Short-tailed Shearwaters and Manx 






and predation is patchy in time and space, several years of monitoring are needed to 
obtain accurate estimates. 
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Past surveys of Sooty Shearwaters have relied on widely different methodologies (eg. 
using the smell of burrows or the number of burrows being used, Chapter 2) which 
may not give an accurate estimate on the breeding dynamics of a population. Therefore, 
empirical evidence on colony decline, or otherwise, is needed as well as accurate 
surveys over a long period of time. 
Large numbers of birds also need to be banded to measure a number of parameters. 
These include survival rates, age of first breeding, proportion of females skipping 
breeding attempts and possibly immigration and emigration rates into and out of small 
populations. 
A quick way to estimate maximum age may be to age beach wreck birds from cross-
sectioning of leg bones (C. Lalas pers. comm.). 
Predation and predator control 
Some mainland colonies may already be too small to be self-sustaining while predation 
continues but predator control may be an option in the future to boost these colonies, 
since young and older birds may still return to attempt breeding. This will be important 
if immigration is a significant contributor to population size. 
Until better estimates of immigration to mainland colonies are available, the MVP and 
targets for restoration should be set at 520 individuals (101 breeding burrows at 
colonies) with predator control to protect chicks and adults. Predator control 
expenditure could be concentrated on colonies currently below this MVP. Larger 
colonies should be monitored and predator management instigated if they fall below this 
MVP threshold. 
If the level of chick and adult predation observed during the 1992/93 breeding season 
persists and if immigration is minimal, mainland populations (excluding Taiaroa Head 
(Private)) of Sooty Shearwaters are not self-sustaining. The simulations suggest that 
the instigation of trapping may make the difference between survival and extinction in 
the next 100 years. Even with 80% reduction of chick and adult predation, the MVP 
was predicted to be 101 breeding burrows at colonies. This is much larger than most of 
the Otago colonies surveyed in the 1992/93 season (Chapter 4). With the parameters 
' )-- ' 
7 
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used, many mainland populations may currently be too small to survive the next 100 
years, even if predator control is mounted and harvesting eliminated. This data and 
model are consistent with anecdotal accounts that the number and size of mainland 
populations have declined over the past century following the introduction of small 
mammalian predators. Sustained predator control operations would therefore need to be 
instigated immediately to improve the probability of the restoration of mainland 
colonies. 
A more accurate and detailed PV A model may be possible after five to seven years to 
evaluate management strategies for pausing predator control efforts at particular colonies 
for different periods of time. A predator control programme rotated around several 
colonies may allow the available resources for predator management to be spread to 
protect a larger number of colonies overall. Development of effective predator 
poisoning protocols has the potential to allow a 7 - 10 fold increase in the number of 
Yellow-eyed Penguin breeding areas to be protected for the same effort as is currently 
dedicated to trapping (H. Moller pers. comm.). This is all the more important for Sooty 
Shearwaters which appear to need a prolonged period of protection. However, more 
research on predator poisoning is needed 
Harvesting probabilities 
Harvesting of Sooty Shearwaters from mainland colonies (assuming the law changes) is 
only likely to be sustainable from colonies with more than 101 breeding burrows. If 
predator control of 80% is achieved in such colonies, a small but growing production of 
chicks could be harvested without compromising the long-term persistence of these 
colonies. The risk of harvesting is proportion to the MVP size (for example, harvesting 
may still be sustainable on populations less than the predicted MVP but the risk would 
be much higher). It is advisable that harvesting should be minimal until MVP size is 
exceeded. For populations larger than MVP size, the harvesting level could be set at the 
predicted growth rate, although it is advisable to be conservative. 
Sustainable harvesting levels can be explored using the mathematical modelling. Using 
PVA, harvesting rates can be suggested for smaller populations. Traditionally PVA has 
been used for threatened species work, but PV A's could be equally useful in guiding 
wise harvest of populations. 
If legal harvesting on the mainland was to commence in a minimum of five to seven 







then focus an experimental harvest management regime which, when coupled with 
ongoing population monitoring, could check the validity of the model and efficacy of 
harvest management protocols. Sustainability of the resource can thereby be assured 
while the tangata whenua gain access to their traditional food species. In view of the 
small size of mainland colonies, experimental harvest is only likely to be viable and 
sustainable on near-shore islets of the Otago coast However, until long-term predator 
control and habitat managements has built-up numbers, there seems little prospect of 
sustainable harvest on mainland colonies. 
As data on Sooty Shearwaters is limited, the modelling presented here should be treated 
cautiously along with the conclusions obtained from the modelling. The long-term 
research and monitoring programme on Sooty Shearwaters needs to run for a few years 
to gather accurate demographic information on reproductive and survival parameters. 
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